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X, a variant of a parent T ermamyl~li>a a-aisn/Iase with a-amyl&se 

activity comprising Tsutstions in two, three, four, five or six 
5 of the following reoiona/positions or in corresponding: positions 

in other parent Tsrmas&y I -11 fee • a™ amylases: 

{relative to SEQ ID NO: is : 

1; R18-3*, GX82*, T1S.3*> GI84* 

2: K195A, H, D, C, E, Q f G/H, : I , L, K, H, F, P, 3, T, >v, Y f V7 
IS 3: V20€A,R,D,N,C,E, Q, G,H, I, L,K,M,.F,P, S,T,W f Y; 

Ax B212A, R t D,N, C,Q,G,H, I,L,K,M, F, P, Y/V; 

So E216&, R, 0, M, C, Q, G, H, I , L, K ;( M f F, ? f S, T, v¥, Y, v; 

6: K269A, R, D, N, C» E> Q, G, H, X , i f », F, P,S, T,W,Y, V 0 

{relative to SEQ ID NO: 2} : 
15 I: B18I*,G182*, D183*,G184* 

2; N195A, R, p, C, B, Q, G, H, I , L, K, U, F, P, S,T, S$ f Y, V; 

3s ¥2 0 6A, B, D, N , C, S, Co G , H , X , L, K, «, F, P f S , T , W, Y0 

4 : E2 I2A, R, D, N, C, Q., G, H, I , K>:M> F, P, S f T, W, Y, V; 

5r E216AER, D, H, C, Q, G, H, 1 > L f K f U, E, P, S,T, W, Y f V; 
20 6; K208&, R, D, IS! , C, B, Co G, H, X , L, ^, F, P, S, T, Y,, V; 

(Relative to SEQ ID NO; 3}.; 

X: Rl79*,G180,X18i*,<3I82* 

2 j HX93A , R , D , C r S , Q G , H , I , L , K ., M F f P , S , X , W> Y , V ; 
3; L204A,R,D,H,C,E,Q,G,H, 1 , K, M f F, P, S, T> W, % V ? 
25 4 : E210A, R, D f N f C, Q, G, H, X , L f K f K, F, P, S ? T f Y, V; 
5: E21.4&, R, B,*J ( -C, Q f G, H, I, L, K,M, f, P, S, T s W, Y, V; 
6; S267A, R, H, C, E, Q, G, H, I, K,M r F, P, T, Y, V 
Relative to SEQ ID NO: 4} : 

1 : M.90.A, R ? D> C> £/Q> G> H, I , L, K, M, F, P, 8? T, ?, V; 
30 2: 120 X A, R, B ? i-G C f E,Q, G,H, L, K, M f F* P, 8/T r W, Y> V? 

3 : D207A, R> N, C, %, Q,G, Hi Xy.U K> H, F, P f S,T,W,Y,Y; 

4 : E2 11A ? R/D ? M, C, Q, G f H , X , L, K,M f F, P, S,T,PA Y, V; 

5: Q264A, R ? D f % Q, E> G> H> X, L, K, F f P, S, T,>J, Y* V; 

(relative to SEQ ID NOt 5} i 
35 IS R176*,G177*,Ei78, G178* : 

2 : NX 90A f R f to, -C, E, Q* G? H, T , L. f K f M, F, P,S t T f W f Y,V; 

3 : V2 0 X A , R , D> S> G , E f Q , G, H , I f 1, K, M, E, PyS, T, ^ ¥ ; 
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4: D207&, k. f U, C f B, Q, G, H r I , L.. K, M, F, P, S, T ? ft, ¥ t V; 
5 1 £21 1A, R, D,H, C> Q, G, H f i f K,M ? F/P, S>T, W, Y f V; 
6 1 Q2 6 4$ , 8 , 0, N , C , % G , H , .1 , L f K, M, F, R, $ , T ;> W, Y, v ; 
(relative to SEQ I'D NO: 6) c 
5 1; R 1 8 1 * , G1'8 2* , HI 8 3 * , Gl 8 '4 * 

2 j U I9$k t R, C t Q, GiH, I , X, Ky M, F, P, S f T, sv, Y , V ; 
3 ; I2.06A, R, D, N f C f £ f Q, G, R, L, K„ M, F,R t S, T, K,x,V; 
4 : E212A, E, P, N, C, Q, G, H, I, L, 8, K» F, R f S, T, K # Y, V; 
5; E2X6&.R ,D,*J,C,Q,G,.H, l f h f K t M t F, P, S f T,W,Y,V; 

2, The variant according to claim 1, comprising the following 
mutations: N190F/Q264S in SEQ 10 SO: 4 or in corresponding 
positions in another parent a -amylase. 

15 

3. The variant according to claim 1, comprising the following 
mutations-: IX$X*7G182* /S183F in SEQ ID NO: 3 or in corresponding 
positions in another parent Termamyl like &~ amylase. 

20 4. The; variant according to claim 3, farther comprising a 
substitution in position S21.4Q in SEQ ID NO: 3 or in a 
corresponding position in another parent Termamyl like a~ 
amylase , 

W 5, The variant according to any of claims 1 to 4, wherein the 
parent a-amylsse is a hybrid a~amyiase of SEQ ID HO: 4 and SEQ 
ID NO; 5. 

6. The variant according to claim wherein the parent hybrid 
30 a- amylase is a hybrid alpha-amyiase comprising the 445 C- 

terminal amino acid residues of the 8, li&hmxifQrmis a- amylase 
shown in SEQ ID HO: 4 and: tiie 37 ^-temipal amino acid residues 
of the a~atnyl?use derived from B, amyXqliqueiammB shown in SEQ 
ID HQ; 5, 

as 

?, The variant according to claim 6, wherein the parent hybrid 
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Tensamyi~-.ii.ke a-~amyla.se farther has the following mutations; 
H156Y+A181T+N190F+A2Q9V+Q264S (using the numbering in SEQ ID ®Qt 
4). 

5 8, The variant according to claim I, exhibiting increased 
stability at acidic pH and/or low concentration; 

Sc A DNA construct comprising a DNA sequence encoding an a- 
amylase variant according to any one of claims 1 to 8, 

10 

10. & recombinant expression vector which carries a DNn con- 
struct according to Claim 9... 

11. & cell which is transformed witfc a DMA construct according 
15 to claim 9 or a vector according to claim 10> 

12. A cell according to ciaira 11, which is a microorganism:. 

13. A cell according to claim. 12, which is a bacterid or a 
20 fungus. 

14. fhe cell according to. claim 13, which is a grampositive 
bacterid such as Bacillus subtilis, Bacillus liehexiformis, 
Bacillus lent us, Bacillus br&vis, Bacillus stearothermophllus, 

25 Bacillus alkalophllus, Bacillus myXvii&M£$ ci ens. Bacillus 
CQ3.gula.ns, Bacillus circulans, Bacillus iautus or Baciiisja chu» 

15. h detergent additive comprising an amylase- variant accor- 
30 ding to any one of claims 1 to 8, .optionally in the form of a 

non-dusting granulate, stabilised liquid or protected enzyme, 

16. & detergent additive according to claim 15 which contains 
0.02-200 mg of enzyme protein/g of the additive. 

35 

17. ft detergent additive according to claims 15 or 16, which 
additionally comprises; another enryme such as a protease, a 



WO 99/iM«? 



ss 



lipase, 3: peroxidase, another amy lo lytic: enzyme ahd/ar a 
celiaiase . 



18. A detergent composition comprising an a~amyiase -variant ac- 
5 cording to any of claims 1 to 8. 

13, The detergent composition according to claim 18 which addi- 
tionally comprises another enzyme such as a protease, a lipase, 
a peroxidase, another anxiolytic enzyme and/or a eeiiuiase. 

K) 

20. A manual or automatic dishwashing detergent composition 
comprising an «e~ amylases variant according to any one of -claims 1 
to 8. 

IS 21. A dishwashing detergent composition according to claim 20 
wMch additionally comprises another eo&yme s«ch as a protease,, 
a lipase, a peroxidase, another amy lo lytic enzyme and/or a 
cellules*. 

20 21. A manual or automatic laundry washing composition comprising 
an a-amyiaae variant according to any one of claims 1 to 8. 

23. A laundry washing composition according to claim 22. which 
additionally comprises another enzyme such as a protease, a 

25 lipase, a peroxidase, an ajsyloiytie enzyme and/or a ceiiulase. 

24 . A composition oomptisingj 

U) a mixture of the ctcamylase from 8, lichenifg-mis. having the 
sequence shown in SEQ 10 NO: 4 with one or more variants 
30 according to any of claims 1 to 8 derived from {as the parent 
Termamyi-iike a-amylase.)' the 8, stmrotharmophilus a~ amylase 
having the sequence shown in. SEQ ID UOi 3; or 

(it) a mixture of the a~amylasB from. B. s tea rothemophi 1 us 
having the sequence shown in SEQ ID NO: 3 with one or more 
35 variants according to any of claims 1 to 8 derived from one or 
mors other parent Termamyl-iike a-aasylases; or 
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{ill} a mixture of one or :s>0r« variants accgrdinq any of claim 1 
to 8 derived from (as the parent Tsr&a&yl-lijce a~ amylase) the B, 

stearothetmophxluB a---amylaae having the sequence shown in SSQ ID 
NO: 3 with one or .more variants according to the invention 
S derived from one or more other parent Taimsmyl-like a-amyiasss, 

25. .A composition comprising? 

a mixture of one or more variants according any of claims 1 to 3 
derived from (as the parent Tsrmamyi-iike cx-amylase) the $„ 
10 st&azathe.mophilm a~amyi a se having the sequence shown in SEQ 3D 
HO: 3 and a Termamyi---li he alpha-amyiase derived from the S. 
iicheoi.fo.nmrs a-amyiase having the sequence shown in SEQ ID MO: 
4, 

n 26. The composition comprising; 

a mixture at one or more variants according any of claims 1 to 8 
derived from {as the parent Te«aMyl.-l^k® : amylase) the B« 
m®&0t&&£im®phil us a-arnylase having: the sequence shown in SEQ tD 
NO: 3 and a hybrid alpha~amyia.se ecn^rising a part of the £« 

-30- amyMliguefacims a-amylase shown in SEQ ID NO; 5 and a part of 
the 8. lia&mifomis «~amylaee shown in SEQ ID NO: 4. 

2?« The composition according to claim 26, wherein the hyorid a~ 
amylase is a hybrid aipha-amylase comprising the 44 S C- terminal 
25 amino acid residues ot the B. lichtmiformis a -amylase shorn in 
SEQ ID NO: 4 and the 37 H- terminal amino acid reaidues of the at- 
amylase derived from 3, mwloliguBfaciens shown in SSQ ID NO: 5. 

28. The composition according to claim 27 wherein the hybrid a~ 
30 amylase further has the following Mutations? 

Hl56y-i-AiSlTrmi90F-J-A20^¥eQ2S4S taking the numbering in SEQ ID NO; 
4) , 

29. The composition according to claims 2-6, comprising a mixture 
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of TVB14S and LEI 74. 



30. Use of an a-assylase v&ria&t according to any of claims 1 to 
8 or a composition according to any of claims 24 to 29 for 

5 washing and/ or dishwashing, 

31, Use of an a~amyiase variant according to any of claims 1 to 
8 or a composition according to any of claims 24 to 2S for 
textile deal sing. 

1:0 

32- use of an a-aiaylase variant according to any of claims 1 to 
8 or a composition according to any of claims 24 to 29 fot 
starch liquefaction, 

m 33. a method for generating a variant of a parent Termamyl-lifee 
d-amyiase., which variant exhibits increased stability at low pB 
and at low calcium concentration relative to the parent, the 
method comprising: 

| a) subjecting a DMA sequence: eBeoding the parent Termamyi-like 
20 a-amyiass to random mutagenesis,: 

Cb). expressing the mutated DMA sequence obtained in step (a) in 
a host cell, and 

(c) screening for host cells expressing a mutated a->-amylase 
which has increased stability at low pH and low calcium 
25 concentration relative to the parent a-amylase. 
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Title; a--.amyl.ase mutants 

FIELD OF THE imCTWIOH 

5 The present invention relates, inter alia, to novel variants: 

{mutants} of parent Termamyl-like a~&mylases, notably variants 
exhibiting increased thermostability: at acidic pH and/or at low 
Ca ;:< " concentrations {relative to the parent) which are 
advantageous with respect to applications of the variants in, 
10 industrial starch processing particularly (e,§> starch 
liquefaction or saccharif ication) . 

mCKOROUMS OF THE IHVENTION 

a-Amylases i a- M-g3 ucun- 4 -glucanohyd r ol a s a s , EC 3.2.1vlf 
15 constitute a group of ehzy&es which catalyze hydrolysis of 
starch and other linear and branched 1 4~gincosidic oil go- and 
polysaccharides , 

There la a very extepsiva body ox patent and scientific 
literature relating to this industrially very important class of 
20 ensymest & number of a-amylase such as Tetmamyl-lifce a~ amylases 
variants are known from eg, WO 90/11352, WO 95/10603, WO 
95/2S3S7, WO 96/2387 3 and m 96/23874. 

Among more recent disclosures relating to et-amylases, WO 
96/23874 provides three-dimensional, X-ray crystal structural 

25 data for a Termamyi-iike a-amylase which consists of the 300 M- 
terminal araino acid residues of the S, amylollquefaciens 
a-amylase and amino acids 301-483 of the O terminal end of the 
S, Hchmiiozmis a-amylass comprising the amino acid sequence 
(the latter being available soaaaercia.il y under the tradename 

30 Termamyl™} , and which is thus closely related to the 
industrially important Bacillus- ^-amylases (which in the present 
context are embraced within the meaning o£ the term "Termamyi- 
iike a-amylases", and which include, inter alia, the B. 
liche&ilormis, B, amylQiiquefaci&ns and 8. s zeazothexwophd 1 us 

3S a-amyiases) . WD 96/23874 further describes methodology for 



designing, on the basis of an analysis of the structure of a 
parent TermajRyl-Iike a-amyiasSj, variants of the parent Termamyi- 

like a-amylasa which exhibit altered properties relative to the 
parent , 

5 WO 95/35382 {Gist Brocades B,v« } concerns anxiolytic enzymes 

derived from B. Jichenifoxmls with improved properties allowing 
redaction of the Ca ;;i concentration under application, without a 
loss of performance of the enzyme > The a«-ylciytac enzyme 
comprises one or more amino acid changes at positions selected 

10 from the group of 3.04, 128, 18?, 188 of the S. lichmifozmis o™ 
amylase sequence, 

WO 96/2387 3 {novo Hordlsk) discloses T«r»artyl»like a-amyiase 
variants which have increased thermostability obtained by 
pairwise deletion in the region B.181*, G182*, TIBS* and G134* of 

15 the sequence shown in SSQ ID no ; i herein. 

I&KllSif prMtuGSUBJgi OF TSS X^vs&sxXOss 

The present invention relates to novel a-amyiolytic variants 

(mutants); of a Termainyi-like a-amylase, in particular variants 
20 exhibiting increased thermos t ability (relative to the parent) 
which are advantageous in connection with the industrial 
processing of starch (starch liquefaction, saccharif ication and 
the like) , 

The inventors have surprisingly found out that in case of 
25 combining two, three, four, five or six mutations swill foe 

described below), the thermostability of Ternary! -like a~ 
amylases is increased at acidic pB and/or at low Ca ;: ' 
concentration in comparison to single mutations, such as the 
mutation disloosed in m 96/23873 (Novo Nordisk) , i.e. pairwise 

30 deletion in the region S181*, GX82* r TI83* and 0184* of the 
sequence shown in SEQ ID MO: 1 herein. 

The invention further relates to. DMA constructs encoding 
variants of the invention; to composition comprising variants of 
the invention , to jaethods; for; preparing variants of the 

35 invention, and to the use of variants and compositions of the 
invention, alone or in combination with other a-amyiolytic 
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enzymes, in various industrial processes, a,g, r starch 
liquet action . 

BRIEF DESCRIPTION OF THE DRAWING 

5 Figure I is an alignment of the amino- acid sequences of six 

parent oercmamyl-ilke a-amyiases in-, trie context of the invention,. 
The numbers on the Extreme .left designate the respective amino 
acid sequences as follows; 
1 : SEQ ID NO: 2 t 
10 2: Kaoamyl, 

3: SEQ ID NO: l f 
4: SEQ ID NO; 5, 
5; SEQ ID NO: 4, 
6; SEQ ID NO: 3, 

35 

DimiLSS DISCLOSURE OF THE SFOTiSTXQH 

It is well known that a number of et-amylases produced by 
2p Bamllus spp, are highly homologous? on the arrd.no acid level, For 
.instance:,, the B. li&h&$i-£o$mi& a-arrsylase comprising the amino 
aoici sequence shewn in SEQ ID HO: 4. {cossuerciaily available as 
?etmamyP M ) has been found to: be about 89%: homologous with the B, 
mylaliqu&faci&m a-a&ylase comprising the amino acid sequence 
25 shown in SEQ ID MQi 5 and about 79% homo logons with the B. 
S-i-mrothermoph iius tt-amyiase comprising the amine acid sequence 
shown in SEQ ID NO: 3< Further homologous a-smyiases include an 

a^amy la.se derived from a strain or the Bacillus sp. NCIB 12288, 
NCIS 12512, HOB 12513 or DSM 93?5 f all of which are described 
30 in detail in WO 95/26397, and the et~ amylase described by 
Tsukamoto et al., Biochemical and Biophysical Research 
Coromunications, 151 (19.88), pp. 25-31. 

Still further ho.mo.lo.gocs a-assylases include the a~araylase 
produced by the 8. lichenifamis strain described in E? 0252666 
35 (ACCC 27811.) , and the ^amylases Identified in m 91/00353 and 



4 

WO 94/18314, Other commercial Termamyl-iike B, lichttnifertsis 
a- amylases ars Qptitherm TM and Takathetm' i>{ (available free; 
Solvay) t Maxamyl™ (available £r'0fii (M.st~brocades/Genencor} , 
Spaaym and Spezyme Delta AA*" (available f rom. Genericer) , and 

S Keistase™ {available from Daiwa) , 

Because of the substantial homology found between these a- 
amylases, they are considered- to belong to the same class of a- 
amylases, namely she class of ''Termamyl-lilce a-amylases" .« 

Accordingly, in the present context, the tern ?! ?ermamyl-li ke 

m a-amylase" is intended to indicate an cc-aroyiase which, at the 
amino acid level, exhibits a substantial homology to Termarayl™, 
i.e, the B. Ucheniformis <x~amyiase having the asiino acid 
sequence shown in SEQ ID «0; 4 herein. In other words, a 
iy.rmamy.i-'iike tt-amylase is an a-amyiase which has the amino acid 

15 sequence shown in SEQ ID 80S': I, 2, 3, 4, 5, 6, 7 or I herein, 
and the amino: acid sequence: shown In SEQ ID NO; 1, of WO 95/26:397 
(the same as the amino acid sequence shown as SEQ- ID MO: '7 
herein; or in SEQ ID HO; 2 of WO 95/26397 (the; same as the. amino 
acid sequence shown as SEQ ID NO; 8 herein) or in Tsukamoto el: 

30 ai,, 1988, (which amino acid sequence is shown in SEQ ID EO: 6 
herein} or .15 which displays at least 60%, preferred at least 
70.%, more preferred at least 75%, even more preferred at least 
80%, especially at least 85%, especially preferred at least 90%, 
even especially more preferred at least 951 homology with at 

25 least one of said amino acid sequences shown in SEQ IB DOS I or 
2 or 3 or 4 or 5 or 6 or 7 or 8 and/or Li) displays 
immunological cross-reactivity with an antibody raised against 
at least one of said a~amylases, and/or 111) is encoded by a DM 
sequence which hybridises to the DNh sequences encoding the 

30 above-specified a-astylases which are apparent from SEQ 10 NOS; 
9, 10, II, or 12 of the present: .application (which encoding 
sequences encode the amino acid sequences shown in SEQ ID hOS: 
1, Z: f 3, 4 and 5 herein, respectively} , from SEQ ID DO: 4 of WO 
95/26397 (which DMA sequence, together with the stop coqon TM, 
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is shown in SEQ ID SO; 13 herein and encodes the amino acid 
sequence Shown in SEQ ID MO: 8 herein) and from SEQ ID HO: 5 of 
WO 95/26397 {shown in Sgq TO NO: 14 herein), respectively. 

In connection with property i • , the "homology" may be 
5 det.erm.ined by use of any conventional algorithm, preferably by 
use of the GAP progaxsme frora bfoe GCG package version 1.3 O-Iune 
1993) using default values for -GftP penalties., which is a GAP 
creation penalty of 3,0 and GAP extension penalty of 0,1, 
(Genetic Computer Group (1311; Programme Manual, for the GOG 
10 Package, version 7, 575 Science Drive, Madison, Wisconsin, USA 
53711) . 

h structural alignment between Terrsamyi and a Terrei&myl-d.ike 
a-amyiase raay foe used to identity equivalent/corresponding 

positions in other Termemyl-like «-amyia.ses, One method of 
IS obtaining said structural alignment is to use the Pile Op 
programme from the GCG package using default values .of gap 
penalties, i.e., a gap oreatiorv peisalty of 3.0 and gap extension 
penalty of Oil. Other statural alignment wethods include the 
hydrophobic cltuster analysis {Gafooriaud et al . ,. £1987:) , EBBS 
20 LETTERS 224, pp. 149-155} and reverse threading (Huber, T ; 
Tarda, AE f PROTEIN SCIENCE Vol. ? t No. 1 pp. 142-149 H99B) . 

Property ii) of the «~amylase f i.e. the immunological cross 
reactivity, may be assayed using an antibody raised against, or 
reactive with, at least one epitope of the relevant Texmamyl-- 

23 like a~amyia.se. The antibody, which may either foe .monoclonal or 
polyclonal, may foe produced by methods known in the art, e.g. as 
described by Hudson et si. , Practical Immunology, Third edition 
(1989), Biackweil Scientific Publications. The Immunological 
cross-reactivity may foe determined using assays known in the 

30 art,, examples of which, are Western Slotting or radial immunodif- 
fusion assay, e,g. as described by Hudson et al*, 1989. In this 
respect, immunological cross-reactivity between the amylases 
having the amino acid sequences SEQ ID KQS: 1, 2, 3, 4, 5, 6, 7, 
or B respectively, have been found, 

35 The oligonucleotide probe used in the characterization of the 

Termamyi-Iike <* -amylase in accordance with property iii) above 
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may suitably be prepared on the basis of the fail or partial 
nucleotide or amino acid sequence of the ct-assiylase in question. 

Suitable conditions for testing hybridization involve 
presoaking in SxSSC and prshybridizing for I hour at ~40*C in a 
5 solution of 20% rormamldsu SxBenhaxdt's solution, 50mb sodium 
phosphate, pH 6.8, and SOmg of denatured sonicated calf thymus 
ON A, followed by hybridisation in the same solution supplemented 
with lOOmM ATP for 18 hours at •S'.O 0 *:, followed by three times 
washing of the filter in 2xSSC f 0,2% SDS at 40 *C for 30 minutes 

10 {low stringency}/ preferred at SCbu Cmbdium stringency), more 
preferably at 65°C (high stringency}, even more preferably at 
~75-*€ (very high stringency}:* Hare details about the 
hybridization method can. be found in Samhrook et al», Molecular 
Cloning:: A Laboratory Manual, 2nd Ed., Cold Spring Harbor, 1983,. 

35 In the present context., "derived from" is intended not only 

to indicate an a~amyiase produced or producible by a strain of 

the: organism in question, but also an a~amylase encoded by a m-h 
seguence isolated from such strain and produced in a host or- 
ganism transformed with aaid DMA sequence. Finally, the term is 

20 intended to indicate an a-amyiase which is encoded by a Wh 
sequence of synthetic and/or cDNA origin and which has the 
identifying characteristics of the o-aoy iase in question. The 
term is also intended to indicate that the parent a~ amylase may 
be a variant of a naturally occurring a~amyiase, i.e. a variant 

25 which is the result of a modification (insertion, substitution,, 
deletion) of one or more amino acid residues of the naturally 

occurring a~amyiase. 

Parent ^MJ^» 
3D The parent a-amyiase may be a hybrid &~amylase, i.e, an ee 

amyiase which comprises a combination of partial amino acid 
sequences derived from at least two a-amylasea. 

The parent hybrid a-amyiase may bb one which on the basis of 
amino acid homology and/or immunological cross-reactivity and/or 
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DNA hybridization (as defined above) can fee determined to belong 
to the Termamyi-like a~amyiase family, In this case,, the hybrid 
a- amylase is typically composed of ah least one part of a 
?ermamyl~like a-amylass and part fs) of one or more other oc- 
5 amylases selected from TerTsamyi-iike a-amyiases or non-Terma?ftyI- 
iike a--amylasss of microbial (bacterial or fungal) and/or 
ssammaiian origin. 

Thus, the parent hybrid a-amylase may. comprise a combination 
of partial arainp acid sequences deriving from at least two 
"JO ?ermamyi~iike a-amylases, or from at least one Termamyl-iike and 
at least one non-Termamyl-like bacterial a-amyiaBe, or from at 
least one Termamyl-- like and at least one fungal a-amyiase. The 
Termaxayi-Ixfce ^-amylase from which a partial amino acid sequence 

derives may, :•.$..„ foe any of those' specific Termamyl -like <x~ 
15 amylases: referred to herein. 

Tor instance, the parent a-amyiase may comprise a C-terminal 

part of m a-amyiase derived from a strain of B. lichmifazxiist 

and a N- terminal part of an a-amyiase derived from a strain of 
S. aMylaZxqu®faci®ng or from a strain of £, smarothm:mdpMlm, 

20 For instance, the parent a-amylase may comprise at least 430 
amino acid residues of the C~terminai part of the B« 
1 ichsnifomis ct-amjdase, and: may, e.g. comprise a) an amino acid 
segment corresponding to the 3? N- terminal amino acid residues 
of the S, amyloliqn&f avians oe~arnylase having the amino acid 

25 sequence shown in SEQ ID HO.: .5 and an amino acid segment 
corresponding to the 445 C-termxBaX asu.no acid residues of the 

S, iichenifQzmis a-amyiase having the amine acid sequence shown 
in SEQ ID ho. 4, or fa) an amino acid segment corresponding to 
the 68 h-terminal amino acid residues of the 8. ste&rot'tx&r- 
30 mophilus a-amyiase having the amino.: acid sequence shown in SEQ 
ID NO: 3 and an amino acid segment corresponding to the 415 C~ 
terminal amino acid residues of the £h lichenifpmis a~amylase 
having the amino acid sequence shown in SEQ ID NO; 4 . 
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The non~?erma»y 1~I ike a-amylase may, e.,§u , be a fungal a- 
amylase, a mammalian or a plant €e~amylase or a bacterial t*~ 
amylase (different from a fermamyi-aike a-amylase) « Specific 
examples of such a-amylases include: the AspergiUus oryzae 1%m 
$ a---amylase, the A, niger acid ^-amylase, the Bacillus subtil is a- 
amylase, the porcine pancreatic a~amyiase and a barley a- 
amylase. All of these a-amyiases have elucidated structures 
which are markedly different from the structure of a typical 
Termsmyi-like a~amylase as referred to hetein. 

10 The fungal a~umylasas mentioned above, i,e, derived from A. 

niger and A. oiyzae, are highly homologous on the amino acid 
level and generally considered to belong the same family, of 
a-amyiases. The fungal a-amYlase derived from Aspergillus oryz&e 
is commercially available under the tradename Fungamyl™. 

IS Fgxthsrmore, when a particular variant of a Terjt'iamyi-ixke: m~ 

amylase .{ variant of the inventiob} is referred to - in a 
conventional manner - by .reference; to modification {aeg;. 
deletion or substitution} of specific amino acid residues in the 

amino acid sequence of a specific Termamyl-iike ^-amylase, it is' 
20 to be understood that variants of another Termamyi-iike «~ 
amyiase modified in the equivalent position (s) (as determined 
from the best possible amino acid sequence alignment between the 
respective amino acid sequences; are encompassed thereby. 

a preferred embodiment of a variant of the invention is one 
25 derived from a B. Lich&nifomia a~amyiase (as parent lerrtiamyi- 
like a~amyiase}, e.g. one of those referred to above, such as 

the B. ixshenifamis a-amylsse having the amino acid sequence 
shown in SEQ ID NO: 4. 

30 Construction of variants of the invention 

The construction of the: variant of interest may be 
accomplished by cultivating a microcrqanism comprising a DNA 
sequence encoding the variant under conditions which are 
conducive for producing the variant. The variant may then 
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subsequently be recovered from the resulting culture broth, This 
is described in detail further below. 

Altered, properties of vari ants of the invention 
S The following discusses the relationship between mutations 

which may be present in variants ox the invention,, end desirable 
alterations in properties (relative: to those a parent , lemamyl--- 

iike a~amylase5 which may result therefrom. 

to Increased thermostability at acidic pH and/or at low €a ;> 
coricentration 

Mutations of particular relevance in relation to obtaining, 
variants according to the invention having increased 
thermostability at acidic pH and/or at low C«r* concentration 
IS include mutations at the following .positions (relative to B, 
Hchmifomis a~ amylase, SEQ ID NO; 4) i 

Rim* 8:172, Ktn>. NX88, $190, H?M, Q201 , A21'0, 1211, 

Q264, N265, 

In the context of the invention the term ^acidic pH" means a 

29 pH teelow '7,0, especially below the pH range, in which industrial 
starch liquefaction processes are normally performed, which is 
between pH 5.5 and S>2. 

In the content of the present iuve,nt.ior the terra N iiow Calcium 
concentration" means concentrations below the normal level used 
25 in industrial starch liquefaction, Normal concentrations vary 
depending of the concentration of free Ga : in the com. Normal 'iy 
a dosage corresponding to ItaU HOppmj is added which together 
with the level in corn gives between 40 and tOppc free Ca ? " 

In the context of. the invention the term "high tempertatures" 

30 means temperatures between 95°C and ISOhp, especially the 
temperature range in which industrial starch liquefaction 
processes are normally performed, which is between 95 C C and 
I05»Ch 

The inventors have now found that the thermostability at 
35 acidic pH and/or at low Ca ;;i concentration may be increased even 
more by combining certain mirations including the above 
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mentioned mutations and /or 1201 with each othe c . 

Said "certain-" mutatxbns are the following (relative to S. 
lich^nifmmXB a'--amyiase> S£Q ID HO; 4} : 
N19Q, 13291, E211, Q264 and 1201. 
5 Said mutation may further foe combined with deletions in oae, 

preferably two or even three positions as described in WO 
96/23873 (i.e. in positions B181, GI82, T183, G184 in SEQ ID NO: 
1 herein) , According to the invention, variants of a parent 

?ermamyl~like a~amylase i»ith ix -amylase activity comprising 
10 mutations in two, three, four, five or six of the above 
positions are contemplated . 

It should be emphasised that not only the Termamyl-like a-- 
amylases mentioned specifically below axe contemplated. Also 
other commercial Termasn/i-IiJce a-amylases are contemplated. Sn 

15 : uftexhausf xve liar oi such «~amylases is the following t. 

^-amylases produced by the B, iish&&i£$mi$ strain described in 
BP 0252666 {ATCC 27811} f and the a~amyiases identified in WO 
9.1/003:53 and m 94/18314. Other commercial. Termamyi-iiks B, 
lichen if 'ormis a-ajuylases ate Optitherm^ and Takatherm™ 

20 {available from S:Olvay} < Maxamyl 3 ^ (available from Gist- 
brccades/Genenoarl, Spezym Spezyme Delta &k m (available from 
G'enencor) » and Kelatase™ (available from Dafwa) . 

It may be mentioned here that amino acid residues, 
respectively, at positions corresponding to H1S0, 1201, D207 and 

25 E2il, respectively, in SEO. ID HO; 4 constitute amino acid 
residues which are conserved in numerous Tert&amyl -like 
amylases. Thus, for example, the corresponding positions of 
these residues in the amino acid sequences of a number of 
Termamyl-like a-amylases which have already been mentioned {vide 

30 sjipra} are as follows; 

Table 1, 

Ters&aar/l-liks a- amylase jr I D E Q 

35 
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B. a^yloliqa&fsal^us (SJSQ ID MO: 5) 
B. $tmffot±@zmopk£iu$ {SSQ 1& 3} 
Bacillus WO S5/2S1«7 {SHC; XD NO; 2} 
5 Bacillus WO SS/283S7 (SEQ m Wit X) 
"Bacillus «p #70?" iSSq XD HO: €) 



»i.so xaai S2-07 s:m Q2S4 

NI50 V2QI SCO? E21I QCS4 

M1S3 MOf -g2iS E2X4 

mSS V28S E21S 

HISS V28S B212 B33.S — - 

mm mm kzii mis 



Mutations of these conserved amino acid residues are very 
10 important in relation to improving thermostability at acidic pH 
and/or at low calcium concentration, arid the following mutations 
are of particular interest in this connection {with reference to 
the numbering of the St lichenlformis amino acid sequence shown 

In SEQ ID MO: 4} , 

15 Pair-wise amino acid deletions at positions corresponding to 

R179-G182 in SEQ ID NOt 5 corresponding to a gap in Seq ID HO; 
4. when: aligned with a numerous Termamyl-like a-araylases> Thus, 
for example, the corresponding positions of these residues in 
the amino acid sequences of a number of Termamyl-like a -amylases 

20 which have already been mentioned {vide supra) are as follows s 



Table 2. 



25 



tei-matayl - like « - ssjyl&s « 



fair -wise atsino aeM deletions! 



B. atnylollqusfaviens {SBQ ID 3So , 8 \ 
B< stmzothexmophilus iS®Q ID Ho. 3} 
Bacillus m -95/26397 (5BQ IS mM 
B&Cillas 5?C 35/26337 fSBQ ID No. 3} 
30 *B&CiUxA& sp, #707" (SEQ ID Mo. 6} 



CI 77 j B'l?S. 3I7J- 
R77S, G18Q, 1181, GIS2 
T18.* , 0184 
R1SX, 0X82, 0183, S1S4 
SI 81, S182, KI83, 0184 



When using SEQ XD NO: 1 to SSO ID HO; 6 as the backbone 
(i.e, as the parent Tsrma^yl-like: a~amylase) two, three, four, 
35 five or six mutations may according to the invention foe made in 
the following regions/positions to increase the thermostability 
at acidic pH and/or at lev? Ca** concentrations (relative to the 
parent) ; 

{relative to Seq it NO: I herein } ; 
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X; Rl8l.*> (3182* , TX83* f SI84* 

2 : WlBSh, Ef ^CvE, Q, G, H, 1, L ? R,M, HO P ? S, T f W f Y,y ; 

3 : V206A, R, D,M, C, E/Q, G>.H, I L f K f H., F, R, S,T,»,Y; 

4 ; S2I2A, R, D,S, £, Q, G, H f I , L , K, M, F, P, S , T ,• 3? , f .. V; 
S S216.A, R, D, N, C, Q,. G f \h t I, L, K,M, F f ,P> S, T/# f Y> V; 

6 K2 6B A , R> D , % C , S ... Q , G , H , I /3u , H r F, P, S , f , W , Y/V; 
{relative to SEQ ID MO; 2 herein): 
I: R18.1*,G182*, D183*,G184* 

2 ; m$m> ' D,C, E, Q, G, H, I, L, K, M, F, P, S, T r W, Y, V; 
10 3; V2G6A f R,D,K f C,F,Q,G ; H, I/L/K f M ? F,P f S f T f W,Y; 

4 E212A, R,D,N,C,Q,<3,H, I,L, K,M, E, R, S, T.,'tf, Y,V; 
St R2 1 €A, R , D, N , C , Q, G , H, I , h f Ry H , F> R> S:, : f ,Hj,Y,V; 
6: K26SA,R,D,N,C,E,Q,G,H, I , t, H f P, P, S, T, Y, V ; 
(Relative to SEQ ID NO; 3 herein):; 

15 1; R179*,G180,II8r*,Gl$2* 

2; N193A, R f D, C, S, Q, C, R, I, L, K, H« E f R f 8, ?, W f Y, V ? 
3 :: £2 04 A, R D, N , C, E, 0, 6, H, I , K, M, F, P f S t T , Hf, Y ? V ; 
4: E 2 1 OA , R , D , N C , Q C f H f I,L,K,M,F,P,S T f - W , Y , V ,; 

5 : Egl4ft,&> C,0, G, H, I, L, K,M, F, P, S f T t W t 

20 6; S267A,R,D,N,C, S, Q, G, H, I, L, K,M, F, P, ?, W, Y, V 
Relative to lb HO': 4 herein} ; 
I: : 0n8"0 GX79* 

2 ; M190A, R, D,.C, £, Q, 0, H, x, L f K ,. H , F, P, T,Gv, :,V; 
3: .OOIA^R^D^^.E^^^H.I^K^^HOR^S/r.W.Y.v; 

2S 4i D20?A, R f S,C, R, Q f G, H, I , L ? K,M, F f R, S, T, W f Y f V; 

5; E2.Ha, R f D f N,C,Q,G,H, I^L ? K f H,F f ? f S,T,W f Y,V; 

6; 0264A f R, D,M, C, E, G, H., I,L, K, M, F f P f S f T, Y, V; 

(relative to SEQ IP HO; 5 herein.}: 

1: Rl?6*,GI7?*,S178 f G179* 
30 2: R190A,, E, D, C, E f Q f G s H f I , L, ( K, F, P r S, T, W f Y f V; 

3 ; V201A, t, D, U , C , g, Q, H, J , L, K, M, F, P,F ? T f W, Y ? 

4 : D207A, R> M, G, E f Q, G f H, I f h t K t M t V, P,S,T, ® f Y f ¥? 
5 ; B211A, R, D, R > C , Q, G f H f I, L, K, M, F, t, S, T, W, Y V ; 
6: Q264A-,..K, O, R f G :f E, G f H f ,I ? L, K, M,, F, P,. S,T ; YA Y, V; 

35 {relative to SEQ ID NO; 6 herein) : 
1 : R 1 8 1 * , G % 8 2 * , H .1 8 3 *, G 1 8 4 * 

2 j MX95A f Ry D,C, E< Q,G, l\ f l, L f R,M, F } B f § t W/YRV; 
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3 ; I206A, .R, B/E,G, E, Q: s G f H, L f K r M, F, P,S,?,W,Y,V, 

4 : E2 1 f R , D , H , C , Q , G , K, 1 , X. , K ,H, F, J>,S,7,W, X , V ? 

5 : S216A, H, D, H,e,-Q,G,.:H, I , L, K f M, W, P, M, ¥ f V; 

6 : R263A, P., D., N, C,..E-,-&, 2,2, I f L, M, F, P, $,T,M» Y,V. 

5 Gomtempiated according to: the present invention is combining 

three, four, five or six mutation. 

Specific double mutations for backbone SEQ ID 80 t 1 to SSQ ID 
NO: 6 are listed in the following. 

Using SEQ ID HQ; I as the 1 backbond the following double 
10 mutant ions resulting in the desired effect are corntojtip.Iated 
according to the invention: 

-RI8 WGIS2*/Ni95A,R,D,C ,S,0 f G,H, I,L,K,M, P r P ( S,^itY,v; 

-G182* /II 83 * /Ft 'r.k, R, p, C, E, Q, G f H, I,L, !<F M,/F,P, S,T, % Y ,. V; 

-T183*/G184*./N195A / R f D,C, E,Q f G, H, l,L,K>M,F f P, S,T,«* Y/V; 
15 ••■RIS I VG182-/V20SA, R, D, N, C, E> Q,G, H, J, L, K, M, F, P, S, T> K, Y; 

-GI 82 * /fl 8 3 * / V20 SA, R, D, N , C, E , Q , G, H, : .1, L, K,M, F, P> S, ?,. W, Y ; 

-T183*/GI84*/V206A, R, 0, N, C, E,Q> S> H, I, L, K, M> F, g, S, T, ¥■} 

-Mm * / G 1 8 2 *i E2 1 2 A , R , D , N , C , 0 , G f H , I , L , K, M , F , P , S , T , W , X f V ; 

-G1B2VT18 3* /£2 12A, E f D, R , C, Q, G, B, 1 , Si, K, « # F, », S , T , W, Y , V; 
20 ~T1 B3*/(S1 8.4*:/E2 1 2 A, R, D f N , C, Ch G , K, I , L, K » M, F, P r S T > W> Y> V ; 

-RX 61. * / G 1 8 2 * / E2 1 6 A , R , D , N , C , Q, G t fi , I f L , K , PJ , F t P , S , T , W , Y , : V ? 

~Gi.a : 2 * /T183* 7E2 i 6A , R , D , R , C , Q f G, H, I , L , K „ H, F, F t S , T f W , Y , V ; 

-T18 3-* /GIB 4 * /£2 i 6A, R , D , N , C , Q, G , H, 1 , L f K , H > F, F , S f T , W , Y , v ; 

-pi 8 1 * mm* / mm, I), N , C , Z, Q, S> H, I , t, 1% F t ?, S , T , W f Y, V f 
25 ~G1 8 2 * /T 1 8 3 V K2B9A , R f D, N , C, Cb G , K, I , L , Pj , F, P , S , T , W ,Y,v; 

»T183*/G184 */K26SA f R f D,N,C, S,Q,C,H, I,L,H, F, P, S r ? t % r Y r V; 

~R 1 9 5 A , R f D , C , E f Q , G , H , X t L , K r M , F , F , S f T , W , Y , V 

/V206A f R,D/^ ; C f E,Q,G,H, I,L,K,M,F, ? f S,T,%' t Y,- 

-dl95A,R, D, C, E f Q, G, H, I f L, K, H f F, P,S,T,S,Y,V 
30 /E21 2A, H, D,K , C , Q f G f H, I , L ; K, F, P, S, T,W,Y, V; 

~R1 ISA, R, D f C , E , Q , G , H , I , L, K, M, F, F, W> Y f V 

/E2 1 6 A, E ; D f d , C > Qi G , H f I f L, K, M t F, F, 3, T> If , Y f V; 

-R195A, R, D, C, E f Q f Gf H, I, h :f K, M, F, F, 3,T f Y f ¥ 

/K262A, B, C> S, Q> Q, H f I ; 1.,FS, F, P, S, T, W t Y, V; 
35 -F206A, R, ;D> H, C f E f Q f G, H f I,L,K,H, F, F> S, T,W, Y 

/E212A, R, D f C,S, G> H, 1, L, R,M, F, P.. 2, T, W, Y, V; 

-V206A, P, D,N,C, E, Q, G, H, I,L> K, M, F, P, S,T,yv,Y 

/E216A, R f D f N,C,Q,G,H ? X,lVK,M, P f P f S f T,I,Y f F; 
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-V2Q8&, R-,.B,.N, C, E, Q-,G, E f I , L f K f M f t f £> :S, T, U f Y 
/K269A, R, D, N, C, E f G* B ; I , L t Mf F P , S ,T, W , Y , V ; 
-E2I2A, P , 2 ,. JST, C,Q, G, H; X, X, K,H, F, F, S, T, Y t V 
/B21SA, R, O/M, C, Q, G, R, I, L, K,U, ?, I>, T, W, Y, V; 
5 E2X2A, R, D> N, C, Q, G f H, I,L,K,M, F, P., 5, T,S, V, V 
/ K2 6 9 A , h , D , N , G , E , 0 , 0 , H , 1 , E, ■ H f F, P f S , T , W, Y, ¥ ; 
~E2 1 SA, PEE, 8 , C > Q , G , H , X , h f l< , M, F, P, S,T,W, Y,y 
/K2 89A r R, P ;f C, E, Q, £, H, X , L, M, W., P f S f /X f , 5f, V; 

Using SEQ ID NO: 2 as the backbone the following double 
30 jaxjtantions resulting in the desired effect are contemplated 
according to the invent:! out 

~R181*/GI82 */M.9SA* R, D, C, E,CaG, H, X, L, K r H, F f P f S,T,W,Y,V; 
-G182*/Di83*7N195A, R, D, C> E r Q, G, H, I, t, K, M, F, ?,S,?,W,Y,V; 
~ Dl 8 3 * /Gl B 4 - / H 195 A , H , D, C , E , Q , G, H, .1 , L , K # M , F., P, S> T> W> Y, V; 
IS "P181*/GIS2 W206A, P, D, N, C, E, Q, G, B, I, A, K, H t F, ?, S, T, Sf, Y; 
■-G182 A/XI83 */V206A. R, t>, E,Q,G, H, I,L, K, K F, F, S, TEW, Y; 

~Rl:81*/G182*/E2:i2A f R, D,K,C,Q,G,H, X,L, K,H> F, P f S, T, W,Y,V; 

~G182*7T188* /E212A, P., D, H*C y Q,$,.H, 1, L, K, », P, S, T.> W> Y:, V; 
20 - T ; 1 8 3 *7 G IS 4 * / E 2 1 2 A > P , 0 , N , C t Q f G , H f I » X , K, H ,F , P , S , ? f W f Y , V ^ 

-;R181*/G182*/E216A ! R f D,H, C,Q,G,R, I.L/K.H, E> P f S,T f W, Y, V; 

"■G1S2*/TI83*7£2:16A 1( R, D f M r C, Q, G f H, I,L, K f H f F, P, S f T,W,Y,V; 

~T1 S 3 */G18 4* /E2 1 6A, R, D> C , Q, G, H, I , L f K, H, F f P, S , T r % Y, V; 

-•ftl81*/Gi82*/K263A, R, 2, N, G, E„ Q, G # H, I f L, M, E, P, S> T, S, Y, V; 
25 ~G182*/T183*/K269A, R, . D,S,C,E,Q, G f H f X f E f M f F ? E,S f T^pY,V; 

~TlS3*/G18^/K263A f F w D,H,C,E,C, G, H,I, L,M, S 1 , P,S,T,W, Y/V; 

~M1 S3 A, R, D, C, E, Q,G, H, l f %,K f H t s t ? f S f ?,® f ¥ t V. 

/V206A,R,D,N,C*E,Q,G f fi, I, K,M, F, P, S # T, W, Y; 

-HIPS A,- R,, BjC, E,Q f G f H f X, L, K, M f F, P f S t T, f M, Y,¥ 
30 /E2 12A, R, D, N , C, Q, G, H r l,h,K, U, F, P f S f t/W> Y f V; 

-N195&, P f D, C, E, Q r G, H, I, L, H, F, P f S,T/W, Y f V 

/E2 1 m, R,B,® t C<Q,G r H , I, L, K, M, F f P f S x T f W f Y f V; 

~MlS?5Af R f D, COKE Q: ? G,B, X,L, U, F,P f S f T f W, Y,V 

/K2€9A f R, D, N, C, E, Q, C f H f I f L, H, F, P f S, T,M/Y,V," 
35 --V206A, ;E D, f N,C, E, Q f G, H, X f L f K f M, F f P^ T :? K/Y 

/E212A, R,vD ( - N, C ( , Q, G, H f I , l> t M: t M, F, P, S,T ? W f ,Y, .V; 

-V206 A . 2, 2, PEA HE Co G ., H j f X. » K f M> "F> P , S , T f W r Y 
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/F2 ISA, R ? D, , C t % G t 8, I , I, , K* K, F, P, S, T, K, Y, V; 
-V20e/; ( K, D/H, C, E,Q, G f Hi X, L, K,Mf F, £ t % t T,*tl f Y 
/K269A, R, D, N,C, E,Q,G f H, I, L f M, F, P r S,T> » , Y, V; 
-S212A, B, D, M f Q f Q f Q f I, Ly.KyM.> F f P, S, T,W, Y> V 
5 /£2 1 6A , R f D, N , C , Q , G , H , I , L , . K , 8, F, P , S> f , M , Y , Vf : 
«E2X2.a f R, 0,8, G, Q, G, H> l f t, K.< H, F, P,S,7,W,Y,V 
/K2 6 9A ; P. , D ? N , C , E , Q, G, H, 2 f L f M, F, P, §> 7 ,. tf,;3f', V; 
~S2 1 6AFR , D, N C , Q f G , H < I , L , K, M, F f . ? f 3,7,W, Y f V 
/ K2 6 9 A , R , D ,8 , C , E , Q , G , H » X , L , M , F , F , S , T , W , Y , V ; 
10 Using SEQ ID NO. 3 as the backbone the following double 

mutant ions resulting Ik the desired effect are Mr. expiated 
according to the invention: 

-R179*/G18Q*/N193A, R, D,C,E,Q,G,H,J,L,K,M,F, P,:S,T>.K, Y,V.; 

-SI80*/H81*/H193A,R, C,E, Q, G,.H, X,L, Mi* P> P>S,T,p f Yi¥; 
0 -I'ifl 82 * /M 93A, R, D, C; ■ E, 0, G, H f XiL, H ? M/F f .E7S, f f M f Y,V; 

--R179 * / G 1 S 0 * / L2 0 4 A , R , 0 , N , C f E , Q , G , H , 1 > K , M , F , P , S f T , M , Y , V ; 

~S 1 8 :0 * / 1 ! 8 1 */ L2 0 4 A , R , 0 f N , C , S , 0 , G , H ,1 , K, H , F f P , S f T , W , Y /V ; 

- 1 1 8 1 * / G 1 8 2 * / L2 0 4 A , R , D , N , C , S , Q ? G , H ,- 1 , K f H f F , P , S , T W Y , V ; 

•~K.r7a*/G18G*/£210A, ?y I), ®,C,Q r G, H, 1 f L, K, si P, S, -T, W, Yi V? 
20 ~G180*7l 181*/E210A, B, D, F, C, Q, G, H, I , L, K, M, F f P ? S f T, Y f V; 

r 118:1* /G182* /E210A, R, D, H ; C, Q, G> H, I,i,K, M, F f P f S, T f W, Y, V; 

-Rl?0^/Glf0*,/E2l4A f R f D, K, C f Q f G,R,I f L> K,H, F, ?, S,T,W,¥,V? 

~Si80*/XiBX*/E2:i4A f R, D f N , C, Q, G, H ? 1, X, f K, H f F, P, S,T, W, Y, V ; 

25 -R179-*/Glg0*/S26*?A,R,O,N,C,E,^G,H ( I f L,K,H f F,E,.T,W t Y f V; 

~GIS0*/I181*/S267A / R , b, R ; C ; E f Q f G f th K,M f F, F, T f Y,v; 

-1 18l*7G182*/S267A, R, D f H, C, S, Q>.G,- i,L f K,M, F,P, I y «f, Y f V; 

-H193A, R, D, C, S,- Q, G f K, 1 , h f K f tt, F, P, R , T, vs f Y y V 

/L2-G4A,R,D,N, C f E f Q„ G, I, K f S>T, W/Y f v; 

30 HS193A y R,0,C,E,Q,G,H, X f WK, f, V f S, T, W, Y, V 

/E210A/R, .D f K,C,Q,G, H, I,L,K r M, F, P> S , T f Ss% Y f V; 
1 93A, .R, D f G f Zt Qt.&t H, I, n,K f M,F, F f S/T f 1, Y f V 

/£2i4A f R f Df H f C t Q t S, H, I, L, K,M ? f f P f S , : T, W, Y f V? 

••F 1 33>F !o L; : C, E, Q,G, H, 1 , L*K> My F, R, S, T, W, Y,V 
35 /S267A, F , D, N, C. ? E,Q, . G, K ? l f L f K f B t F, ? f T, W,Y,V; 

-L2 0 «ft> B , D, N , C, E , Q , G, H, I f K> M f F f P , 2 , T f W, Y,V 

/E2I0A, R, F, UFA Q, G, H, I , A: ? K, M f F f P f S, f , W f Y/?; 
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-h20m f R, t>, Hi C, B, Q ( G, H» |,.K,#,:?> FrS f T f % Y>¥ 
/E2X4A, R, D. ( b , C> Q, G, R, I, L, R,M, F, PtR, T, M f Y f V? 
-L204A, R, D,»„C, B, Q,.G, H,;I t if ( M f F, P, S. r T,.W, Y f V 
m07h, R, D> H>C,:E f "0> C5/H, I, L, 8,M, F/P.T r W f T f V; 
S R, 0, N , C f Q. f G, H '., I , L, K, H, F, P, S f T, W,Y,V 

/E2I6A, R ; lb H , C , Q, G, H , I ; L,K ; Fi, F, P,3, ?, Y,V; 
~E2XQA, R* D>KbC,Q, G, H> 1 , 1, K t M, F f F, S>T,W, Y,V 
/ 22 67 A, H, D:, N , C , E , Q , 6, H> I , L , K,.M, F>. F,T,.W, Y , V ; 
~E2 14A, R, D, N , C f Q , G f . M, I , L, K, M, F, P ? S , T , tf , Y, V 
10 /S267A, R, D, C, E, Q, (3, H, I, L, R,H, h\ P f I, W, Y, V; 

Using SEjQ ID NO. 4 as the backbone the following double 
mutant ions resulting in the desired effect are eonvteopi steci 
according to the invention: 

~Q17S"VGi7 B*/m 90h f E, D, C, E, Q, H, I, L f K> M, F f P, S t T,¥i f Y f V; 
15 -8.178 */G179*7 X201A, R, D,N,C, F f Cb B, L f K f V, F , S,T,??, Y> V; 

-Q178*/S179*/D207A, R, N, C, E, Q t G> H f I , L ? K , M ,F,P , S , T f W k Y, V; 

-Q178*/GI73*/S211A,R,D,N,C,Q,G,H, I, L ,K,M, F, F, S ? ? f W f Y,V; 

-Rl 7 9 * ,/Gl 8 0 * /02 6 4 A , R , D ... N , C , S , G , K , 1 , L, K , M , F t P , S , T , W , Y , V ■; 

-N190/I201A,R, d>-N:,:C r .S> 0^ Q,. H> P,S,T,W,Y,V? 
ao -N190/D207A,R,N,C,E,Q,G,K, I f L f K,M, F, P,S,T,W, Y,V> 

-N190/E210A, -R, D,H t C,Q f G, R f I, L, K,H, E> F t S f T f W, Y :? ¥; 

-N190/Q264A, R, D,N,C, E, G,H, .T.,L,K,M,F, ^S,T,W,Y,V? 

-I201/D207A, R,N,C,Q f E, G, H, I, L., K f M, F s P f S, T, W, Y, V; 

-I20I/E211A, R, D,N,C,Q,G,H, I,L,K,M,.F, F, T, W, Y, V; 
2S ~I201/Q264A2R, D, N, C, S, G, H, I , L f K, M, F f P> S, T*.«, Y, V; 

~D20?/E2iiA f R f D f R f C, Q ? G, H, 1 f K, Fl ? F f P, S f T,W, Y/V; 

---D207/0264A, R, Dy N f C f E, G, H, I, L> K, 8, F, 2,2,7^,7,7; 

»E21I/Q264?V f R, D, M, C f B f G, H, I /L,K^ F f P, T, W, Y. t ¥; 

Using SFQ ID NO: 5 as the backbone the following double 
30 mutantions resni.ting in the desired effect are contemplated 

according to the invention? 

~R176*/G17?*/KS190A f E, D, G, E, Q, G, H, I ; L,R t M ; F, Y V ; 

~G17?*/El73-*/»190A, R, ;7 , G , E,Q,G,H, I/L, K,M, F, P, S f T,W, Y,:V; 
~EI78 VG179*/H130A, R, D, C, Cb G, H, I , x, f K y H, F, 2, S, T t W t Y, V; 
35 ~R17S*/G17?*/?201A, R, D f N f C, E, Q t Q f H., : I > L> K f M, F f : P, S, T> Jf, Y; 
-G17 6*/E178 VV201A,R,D,N,C,E,Q,'S,K,I,L,K,H, F, S, T, W, Y ; ; 
-E17S*/Gl79*/y20lA,R, S,N,C : f S,0AH : ,:.I,i,K,M, F f P, S , T, W,, Y ; 
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- R 1 7 6 * / G 1 7 7 * / D2 S 7 A , R , 8 r C , E , Q f G t H f X > L : , K , M \ F f ?, S t f > W/Y > ¥ ; 
-G17?-*/£l78*/p2p'7A, R ? Hr.&,'E, G f R, ...I, l>, K,H,F., P, 5, T, W,Y,V,' 
-E178VG179VD207A, R/8, C, E, -Q, G, H, I,L,K,M, F/£, £.. T',< K, V ,V; 
- R 1 7 6 * / G 1 7 7 * / E 2 1 1 A , ?, Q f N, C, Q, H, H, I .. X,,. K, *$, F f P f S, I, «?, X, V; 
~G 1 7 7 * / £ 1 7 8 *7 E 2 X 1 A , R , 0 , N , C , Q f S , H / X , E , K, H, F ( P , S , T , 5f , X , V ; 
-EX78 */Gi?9*/E21IA, R, D, ®,C, Q> G , H, 1, L,K,M, F, !-\ S , T > W,Y t ft 
-RX7 6 * /G 1 7 7 * /Q2 64 h, R, D , N , C , E , G , H , 1 , L> K,M, F, P, S>T, ft?, Y, V; 
^Gi77*/EI78*/Q264A, R, Q, R, C, E, G r H> X, L, K, M, F, F, S f T f W, Y,V; 
-E17S -7G17 9VQ264A, R, D, N, G, E, G, H f I, L> K*K F f P, S, t, »> X, V? 
~N190A,R,»,C, E,4S ? a, J,.L,K,K,F f F t S,?,W,Y,V 



/Y20XA, R, D,H,w£ 
~H190A,R,3,€, E r Q 
/D207A, R,N,£,E,Q 
»|Xl90A/RXD f C,E,Q 
/£2UA,R.D,H,C,<3 
~N190A,R, D , C , E , Q 

~V201&,R,D,N,C,E 

~V2:0XA, : R f D/|sS, C> E 
7E211&, R, DACQ 

/Q264A,R, D^ f C f S 
-D207A, R, H, E, Q 
/XX 11 A f X , D ; N, G, Q 

/Q264A, R, D, C f E 
-E21iA,R,D,-Ji,C, Q 
/C/2C4X, X, X ; R- ? C/X 



G, H, I , .L, K, H, F, ?, S, T, ff, V 
G, H, I, L,K,M, P f P f S t T,®,Y f y; 
G, H, I,L,K,M,F, ?,S f T,S?.,Y, V 
G> H y I, L:, K, P f ? f S/x f Mt X/V; 

Q,G,H, i,l,k;m, r/P,S,T,W,Y 

Q, G, H, I , L f K, H f F, ? f S r ?, y 
G,H ? I,L f K f M f F, SVS,T,W,Y,V; 
Q, H, I , L, H, H, F, P, S, T, W, Y 

G^H, l,l !t KfH> $f&f $ f T f yi f Y,V 
G'r:H., I,L, K f H ( FXF f S,T f ^,y /V ; 
G f H f I,L,K ; M,F,P,S ; T f W,Y f F 
G , H f X , L ( K f M , F , P ^ S ? f , W , Y , V ; 
G, H f X, E f Kf Mf F t P,S,T/^,Y,.V 



Using SEQ I'D SQt 6 as the backbone the foil owing double 
mutant ions resulting in the desired effect are coTEitemp laced 
according to the invent ion: 

-R18 X* /Gl 82 */N195iWR, D t C,E f Q f G, H.< I , L, K, H f F, F, S, f ,W,Y, V; 

-HX83- i 7GX84*/N195A> R t D> C ? E f Q f G, xi f X f h, K,M f F f P., S, T, W, V; 
-RX 8 X * /GX8 2X7 120 6A.,:R, D, M, G, E,. Q, G, si, L, K, M r F, P , S ,T , W , Y , V ; 
~GIS2 VH1 83* /I206A, R, D r N, C,.E,Q, G t K, L, K,H f F, P, S, T, W,Y,V; 
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-Hi83*/$I8:4*/I206A, R, D ; N,C, $*Q r G, H,L,K,H, F, p, S, ?, W, Y f V? 

-R181 */G182*/E2I2A, : R, D/K, C, Q, G f H, I, L, K, F, P f S, T,W, Y, V; 

-GI 82 * /HI83*/E212A, R, D, S, G, Q, Q JU J * £?, K, M, F f P , S, T ,< W, Y . y ; 

~H183*/G184 * /E212A, R, D, N,C,Q, G , H , 1,- X.-, K, H, F, P, S,T, W, Y, V; 
5 -PdSl*/G182*/E2I6a, R, D, N, G, Q, G, B, 1,1,1,1, F, 2, S, T, W, Y, V; 

-G ! 8 2 * /H 1 8 3 V E2 1 6A , R, D> H, G y Q, Q f R, I,L,K, M, P, P> S , T , Y t V ; 

-H183*/G184*7E216A,R, G, Q, G, H, X, L f F* F> S, T, W, ¥, V; 

-HX.81*:/G182*/K269A, R, D/KgC, E, Q, H, I,L r «, F, B, S, T, W, 2, V t 

-Gl32VH183*/K26SA,R,D,i*,'C, E,Q,G,K,X f L««, F, P, SvT r W,Y, V; 
10 -RI83*/G1S4 ■*/K26.9A,R, D, E,Q>6*&, I > L,B, F, P, S, T r W, Y, V; 

»N295A, R, D : , Q. # E> Q, 6, H* 2 , L , K, M, F> P> S,.St % YiV 

-RI9SA, R f D, C, E, Q f Q, R, X , L, R,M, F, P, S ( T, W y Y,¥ 

/E2X2A, R, D,H,C,Q, G, K,I,L, K> *j, F, P, S,T,W, Y, V; 
15 -N195A, 2, D, 22. S, Q, G, K, I , L, K, F, F y S,T, W, 2 , V 

/£2ieA,*,D,N,C,Q,G,H,I,L,K,M, F, P,S,T,W,Y,V? 

-N195A, R, M,E,Q,G,H, 1 K f U t W, P,S,T,W,Y,V 
R f D,N,C,£,Q,G,H, I,L,M,F,F, S f T,W,Y,V; 

~ 1 2 Q S:?V f U f D N ■ , C , E , Q , G , K , L f K f M , F f P , S , T r W , Y , V 
2(5. /E212A, B: f D f N f C,Q, G:, H ... 1 , 2- f K/M, F, P,S,T,^Y/V; 

- X 2'-0,6Av R , D , r N> G> B , Q> G, H, L f K,H, F> P,S f T f «, Y, V 

/E2X6A/ R, D, R% C, 3, G,ti,I t 1, % t H,T, S, Y f V?,Y,V; 

- 1206a, E > D f N t C , E , Q , G , H 22 , K > M, F f P f S , T ,5? , Y, V 

/K269A, R, Di N ? 2, E f Q f G, H, 3 » L, K, F ; P f 2 ? T,W,2, V; 
25 -SS212A, R,D,N,C,Q t G,H, I, L, K f M, F f ?, S, T, W, Y f V 

/ E2 1 6A, R V 5, N , C , Q , G , H , I , L , K , W, F, P > S, T , Jff # Y f V; 

■™S2I2A ? 8, P:* 8, C, Q f G f H f X , L, K,M, F/P, S f T, W f Y f V 

/K269A,R, D, C f E, Q f Gj H f X,L,M, F/F ? S f T s W, Y f V; 

-E2 X6A, R, D f N, C, Q f G f H, X , L, K, H r W, F, G f T f fe, Y, V 
30 /K269A, R f D, N, C> E, Q, G, H, l t L,.H,.W> * f & ( *£ r W ( Y f Vi 

Mil TerKsamyi-ii ke ft-iamylase defined above may suitably be 

used as foaiekbone for preparing variants- of the invention * 

However, in a preferred mrnodixmnt the variant comprises the 

following mutations: Ni#0F/Q264S in SEQ ID NO : 4 or in 

35 corresponding positions© in another parent Termamyl-lifee a- 
amyXasss . 

in another emfoGdiussnt the variant of the invention comprises 
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the following mutations: I18I*/G182*/Si93F in SEQ ID XQ: 3 
mmm or in corresponding positions in another parent 
Termamyi-like ce-smylases , Said variant may further comprise s 
substitution in position E214Q. 
5 in a preferred embodiment of the invention the parent 

Termamyi---I.iks a-amyiase is a hybrid a~amyiase of SEQ ID NO: 4 
and SEC; ID NO; 3, Specifically, the parent hybrid Terrcamyi-like 
a-amylase may be a hybrid alpha-a»yla*e comprising the 44.5 C- 
tarminai amino acid residues of the B. lichsniformiB a- amylase 

iO shown in SEQ ID HO; 4 and the 3? K- terminal amino acid residues 
of the a-amylase derived from 33., amyloliqtxefaciens shown in SEQ 
ID HO ; 5, which may suitably further have the following 
mutations; HI56y^Ai8iT^NiSGP4^:Q.$^Q26 ; 4S (using the numbering in 
SEQ IS SO: 4) . The latter mentioned hybrid is used in the 

IS examples below and is referred to as LEX74 . 

General .mutati^^^ the invention 

It may be preferred that a variant of the invention comprises 
one or dsore modifications in addition to those outlined above*. 

20 thus, it may be advantageous that one or more proline residues 
present in the part of the a-amyiase variant which is modified 
is/are replaced with a non-proiine residue which may be any of 
the possible f naturally occurring non™proline residues, and 
which preferably is an alanine, glycine, serine, threonine, 

25 valine or leucine. 

Analogously, it may be preferred that one or more cysteine 
residues present among the amino acid residues with which the 

parent a-amyiase is modified is/are replaced with a npn- cysteine 
residue such as serine, alanine, threonine, glycine, valine or 
i) leucine , 

Furthermore, a variant of the invention may ~ either as the 
only modification or in combination with any of the above 
outlined modification®: - be modified so that one or more hsp 
and/or Gin present in an amino acid fragment corresponding to 
35 the amino acid fragment 185-209 of SEQ ID n"CU 4 is replaced by 
an Asn and/or Gin, respectively- Also of interest is the 
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replacement, in the Termsmyi^like <r~amylase f of one or more of 
the Lys residues; present: in an amino acid fragment corresponding 
to the amino: acid fragment iB5~'iQ9 of SEO ID NO: 4 by an Are , 

It will be understood that the present invention encompasses 
5 variants, incorporating two or more of. the above outlined 
modifications , 

Furthermore, it may be advantageous to introduce point- 
mutations in any of the variants described herein. 

10 Methods for preparing &~amy,Ias:# variants 

Several methods for introducing mutations into genes are 
known in the art. After a brier discussion of. the cloning of a- 
amyisse-enooding DMA sequences, methods for generating mutations 
at specific sites within the a---amyiase~ene©ding sequence will foe 

IS discussed. 

.Clofttna & mh :^6q.ufefi^ fetic-6ai;ni5..;-g^.:4~amyla8^ 

The DNA sequence encoding a parent a-amyiase may foe isolated 
from any cell or microorganism producing the a-amylsse dn 
2(5 question, using various methods well known in the art. First , a 
genomic DNA and/or 8BN& literary should be constructed using 
chromosomal m& or messenger RMA l.rpm the organism that produces 
the a-aawiase to be studied. Then, if the amino acid sequence of 
the a-amyiase is known, homologous, labelled oligonucleotide 

25 probes may be synthesized and used to identify a-amylase- 
encoding clones from a genomic library prepared from the 
organism in question. Alternatively, a labelled oligonucleotide 

probe containing sequences homologous to a known a-amyisss gene 

could be used as a probe to identify a-amy 1 ase -encoding clones, 
.38 using hybridization and washing conditions of lower stringency. 

Yet another method for identifying d-amylase-enepdlng clones 
would involve inserting fragments Of genomic DNA into an ex- 
pression vector, such as a piasmid, transforming a-amylase- 
negative bacteria with the resulting genomic DMA library, and 
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then plating the transformed bacteria onto agar containing a 
substrate for ^-amylase, thereby allowing clones expressing the 
a~amyiase to be identified. 

Alternatively, the DMA sequence encoding the enzyme may be 
5 prepared synthetically by established standard methods,, e.g. the 
phosphoroamidite method described by S.L. Eeaucage and M,H> 
Caruthers (1981) or the method described by Perthes et al , 
(1984) > In the phosphoroamidite method, oligonucleotides are 
synthesized, e.g. in an automatic DMA synthesiser, purified, 

10 annealed, ligated and cloned in appropriate vectors.. 

Finally, the DhA sequence Kay be of mixed genomic and synthe- 
tic origin, -nixed synthetic and cDHA origin or mixed genomic and 
cDNA origin, prepared by 11 gating fragments of synthetic:, 
genomic. or cDMA origin (as appropriate, the fragments 

IS corresponding to various parts of the entire DNA sequence), in 
accordance with standard techniques* The DMA, sequence may also 
be prepared, by polymerase chain, reaction (PCR) using specific 
primers, for instance as described in US 4,683,202 or R.K, Saiki 
et ai, (1988) . 

20 

Once an a -amylase -encoding DMA sequence has been isolated., 
and desirable sites for mutation identified, mutations may be 

25 introduced using synthetic oligonucleotides. These oligonucleot- 
ides contain nucleotide sequences flanking the desired mutation 
sites; mutant nucleotides are inserted during oligonucleotide 
synthesis. In a specific method, a single -stranded gap of DMR, 
bridging the a -amylase -encoding sequence, is created in a vector 

30 carrying the a~amylsse gene, Then, the synthetic nucleotide, 
bearing the desired mutation, is annealed to a homologous 
portion of the single-stranded DMA. The remaining gap is then 
filled in with DHA polymerase: I (Klsnow fragment) and the 
construct is ligated using T4 iigase- A specific example of this 

35 method is described in Morinaga et ai . (19845 . OS 4 ,?S0 , 025 
discloses che introduction of oiigomreleQtidas encoding multiple 
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mutations by performing minor alterations of the cassette. How- 
ever, an even greater variety of astatioas can foe introduced at 
any one time by the Horinaga method, because a multitude of 
oligonucleotides, of various lengths, dan be introduced. 
5 Another method for introducing mutations into a- amylase ~ 

encoding DNA sequences is described in Kelson and Long (1.989) . 
It involves the 3 -step generation of a FCR fragment containing 
the desired mutation introduced by using a chemically syn- 
thesized Dim strand as one of the primers in the : »OR reactions, 
n From the PCR~genetated fragment, a fragment carrying the 

mutation may be isolated by cleavage with restriction 
euaonuq. leases and reinserted into an expression piasmid. 

Random Hutagene^ia 

15 

Random mutagenesis is suitably performed either as localised 
or region-specific random mutagenesis in at least three; parts of 
the gene translating to the amino acid sequence shown in 
guest ion, or within the whole gene, 

20 The random mutagenesis of a DMA sequence encoding a parent ot~ 

amylase may be conveniently performed by use of any method known 
in the art. 

In relation to the above, a further aspect of the present 
invention relates to a method for generating a variant of a 
25 parent a~amyia.se, e.g. wherein the variant exhibits altered or 
increased thermal stability relative to the parent, the method 
comprising: 

(a) subjecting a PH& sequence encoding the parent a~amyiase 
to random mutagenesis, 
30 05} expressing the stated 0*?& sequence obtained in step fa.) 

in a host ceil, and 

(c) screening for host cells expressing ang-amyiase variant 
which has an altered property (I.e.. thermal stability) 
relative to the parent a-amylass. 
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Step fa) of the afeo.vfe method of the invention is preferably 
performed using doped primers. 

For instance, the ranceis mutagenesis may foe performed by use 
of a suitable physical or chemical mist age aiding agent, by use of 
S a suitable oligonucleotide, or by sub jeering the Dim sequence to 
PCR generated mutagenesis. Furthermore, the random mutagenesis 
may be performed by use of any combination of these mutagenizins 
agents. The .mutagen! sing agent may, e.g., be ens which induces 
transitions, transversions, inversions, scrambling, delations, 

30 and/or insertions, 

Examples of a physical or chemical /xmitaganising agent suitable 
for the present purpose Include ultraviolet: (UV) xr-rsdiation, 
hydroxyiamine, N-methyi~M ■ -nitro-K^nitrosoguanidine (M^NC; , 0- 
methyl hydroxyiamine, nitrous acid, ethyl methane suiphonate 

15 (SMS) , sodium bisulphite, formic acid, a«d nucleotide analogues:, 
®hm such agents are used, the mutagenesis is typically 
performed by incubating the DHA- sequence encoding the parent 
mzym to he mutagen! zed in the presence of the mutagehiKing 
agent of choice under suitable condition® for the mutagenesis fp 

20 take place, and selecting for mutated DNA having the desired 
properties. 

■Whfen. the mutagenesis is performed by the use of an 
oligonucleotide, the oligonucleotide may be doped or spiked with 
the three non-parsnt nucleotides during the synthesis of the 

25 oligonucleotide at the positions which are to he changed. The 
doping or spiking may he done so that codens for unwanted amino 
acids are avoided. The doped or spiked oligonucleotide can foe 
incorporated into the DNA encoding the ^--amylase enayme by any 
published technique, using <e,g. ncR, LCB or any DMA polymerase 

30 and ligase as deemed appropriate. 
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Preferably, the doping is carried put using "constant random 
eloping", in which the percentage of wildr-type and mutation in 
each position is predefined. Burthermore, the doping may be 
directed toward a preference: tor the introduction of certain 
5 nucleotides, and thereby a preference for the introduction of 
one or more specific amino acid residues. The doping may be 
made, e.g., so as to allow for the: introduction 0 f oq% V oi J d type 
and 10% mutations in each position, An additional consideration 
in the choice of a doping scheme is based on genetic as wail as 

10 protein-structural constraints, the doping scheme may he made 
by using the DOPE program which- inter alia, ensures that 
introduction of stop codecs is avoided.. 

When PCR-generated mutagenesis is used, either a chemically 
treated or non-treated gene encoding a parent: a- amylase is 

35 subjected to PGR under conditions that increase the mis- 
incorporation of nucleotides CDeshler 1992; Leung et ai. , 
Technique, Vol a, 1939, pp. 11-15} . 

A mutator strain of lb coli { Fowler at ai . t Molse, Gen. 
Genet,, 133, 1974, pp. 179-191), 5, csremiseae or any other 

20 microbial organism may he osed for the random mutagenesis of the 
DNA encoding the ot~ amylase by, e.g., transforming, a plasmid 
containing the parent glyeosylase into the mutator strain, 
growing the mutator strain with the pl-asarid and isolating the 
mutated piasmid from the mutator strain. The mutated piasmid 

25 may be subsequently transformed into the expression organism. 

The mh sequence to he mutagen! zed may be conveniently 
present in a genomic or eDNA library prepared from an organism 
express mvo the parent ^--amylase. Alternatively, the DHA sequence 
may foe present on a suitable vector such as a piasmid or a 

39 bacteriophage, which as such may foe incubated with or other-wise 
exposed to the mutagen ising agerhm The DNA to be mutagen! zed may 
also toe present in a host cell either by being integrated in the 
genome of said cell or by teeing present on a vector harboured in 
the cell. Finally, the DNA to foe mutagenised may be in isolated 

35 form. It will be understood that the DhA sequence to be 
subjected to random mutagenesis is preferably a cDm or a 
genomic DBA sequence. 



25 

In some cases it may be convenient- to amplify the mutated 
sequence prior to performing the expression, step b) ox the 
screening step c.) > Such amptif ioation may be performed in 
accordance with methods' known in the art, the presently 
3 preferred method being PCR-generated amplification using 
oligonucleotide primers prepared on the basis of the Wh or 
amino acid sequence of the parent enzyme. 

Subsequent to the incubation with or exposure to the 
rautagenising agent, the mutated DMA %<& expressed by calturing a 

id suitable host ceil carrying the DMA sequence under conditions 
allowing expression to take place. The host cell used for this 
purpose may be one which has been transformed with the mutated 
DMA sequence, optionally present on a vector, or one which was 
carried the DMA sequence encoding the parent ehsyme during: the 

IS mutagenesis treatment, Examples or suitabie host ceils are the 
following: gram positive bacteria such as Bacillus m&tiiis,. 
Bacilluss lichmiformis, Bacillus i actus, Bacillus: fore vis, 
S&cUlus sieurothermophiius, -Bgcillm aikalophilus, Bacillus 
zmyloliquefaciens, Bacillus emgul&n$ ( Bacillus cizculans, 

m Bacillus lautus, Bacillus megateriu®, Bacillus thuringdensiv, 
SlrBptopycms lividans or Stzsptomyues murinus; and gram-negative 
bacteria such as E. col i . 

The mutated Dt\A sequence may further comprise a DHA sequence 
encoding functions permitting expression of the mutated DNn 

25 sequence . 

Local ireo random mutagenesis 

The random mutagenesis may foe odvantageousty localized to a 
part of the parent a-araylass in question. This may, e.g., be 

30 advantageous when certain regions of the enzyme have been 
identified to be of particular importance for a given property 
of the encyme, and when modified are expected to result in a 
variant having improved properties. Such regions may normally be 
identified when the tertiary structure or the parent enryme has 

35 been elucidated and related to the function of the enzyme. 



The localised, or region-specific, random mat agenesis is 
conveniently performed by use of PGR generated metagenesis 
techniques as described above or any ether suitable technique 
known in the art. Alternatively, the DSA sequence encoding the 
5 part of the DMA sequence to be modified may be isolated, , 
by insertion into : a suitable vector, and said part m&y be 
subsequently subjected to mutagenesis by use of any of the 
mutagenesis methods discussed above., 

10 Alternative methods of provi ding &~aasylase var i ants 

Alternative methods for providing variants of the invention 
include gene shuffling method known in the art including the 
methods e,g< described in wo S5/22625 Cfrom nftmm Technologies 
H.Vij and m 96/0034 3 {from Move* IStordis k A/S) . 

IS 

Expression of ^--amylase ..variants 

According to the invention, a VMh sequence encoding the 
variant produced by methods described above, or by any alterna- 
tive methods known in the art, can be expressed, in enzyme form, 

20 using an expression vector which typically includes; control 
sequences: encoding a promoter, operator, ribosome binding site, 
translation initiation signal, and, optionally, a repressor gene 
or various activator genes. 

The recombinant expression vector carrying the m& sequence 

23 encoding an. no-amylase variant of the invention may be any vector 
which may conveniently be subjected to recombinant DMA 
procedures,, and the choice of vector will often depend on the 
host ceil into which it is to be introduced. Thus, the vector 
may be an autonomously replicating vector, i.e. a vector which 

30 exists as an extraohromosomai entity, the replication of which 
is independent of chromosomal replication, e.g. a pXasmid, a 
bacteriophage or an extracbromosomal element, minicn.romosome or 
an artificial chromosome. Alternatively, the vector may be one 
which, when introduced into a host ceil, is integrated into the 

35 host cell genome and replicated, together with the chromosome is] 
into which ft has been integrated. 

In the vector, the Mh sequence should be ope r ably connected 
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to a suitable promoter sequence. The promoter may foe my DMA 
sequence which shows transcriptional activity in the host cell 
of choice and may he derived from genes encoding proteins either 
homologous or heterologous to the host cell. Examples of 
3 suitable promoters for directing the. transcription of the DHA 
sequence encoding an <*-amyiase variant of the invention, 
especially in a bacterial host, are the promoter of the iac 
sparer; of E.coli, the Strapto^Fces cogJicolor agarase gene m$& 
promoters, the promoters of the Bacillus lichen if omxs a~amyiase 

!8 gene {amyh) f the promoters of the Bacillus s te&rothemophilus 
maitogenic amylase gene { amyM) , the promoters of the Bacillus 
mpiol i que£# ciens a~amylase {amy®,- oho promoters of the Ba- 
cillus subtilis ry ii and xyXB genes etc, For transcription its a 
fungal host, examples of useful promoters are those derived irom 

15 the gene encoding A. oryzae TM<A amylase, Rhizamuco? miehei 
aspartid proteinase, A, niger neutral a-amylase, A, niger acid: 
stable a~amyiase, A, niger giucoarnyia.se, Rhlzomucor miehel 
.lipase, A. oryz&e alkaline protease, pryzae triose phosphate 
isomerase or A. nidnlans acetamidaae < 

20 The expression; vector of the indention may also comprise a 

suitable transcriptipg terminator and, in eukaryofes, paly- 
adenylaoion sequences operafeiy connected to the BRA sequence 
encoding the a-amylase variant of the invention. Termination and 
pol yadenylat ion mqamces may suitably foe derived from the same 

25 sources as the promoter . 

The vector may further comprise a DMA sequence enabling the 
vector to replicate in the host, cell in. question. Examples of 
such sequences are the origins of replication of piasmids pUCISg 
p^CfClf?, pUBHO, pE194, pSMSl and pIJ?02. 

30 The vector may also comprise a selectable marker, e.g. a gene 

the product of which complements a defect in the host ceil, such 
as the da I genes froxn B. sudtilia or S. liehmifomis, or one 
which confers antibiotic resistance such as ampiciliin, 
hanamycin, chloramphenicol or tetracycixn resistance. Fur- 

35 theiroors, the vector may comprise: Aspergillus selection markers 
such as amdS, argBh niau and sS, a marker giving rise to 
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hygteftiyein resistance, or the selection may be accomplished by 
co-transformation, e.g. as described in m 91/17243 , 

While intracellular expression may be advantageous in some 
respects, e.g. when using certain bacteria as host calls, it is 
5 generally preferred that the expression is extracellular. In 
general, the Bacillus a-amylases mentioned herein comprise a 
preragion permitting secretion of the expressed protease into 
the culture medium. If desirable, this preragion may bo replaced 
by a different preragion or signal sequence, conveniently aecom- 

10 plished by substitution ox the DNA sequences encoding the 
respective preregions. 

The procedures used to iisste the DNA construct of the inven- 
tion encoding an a-arayiase variant, the promoter, terminator and 
ether elements, respectively, and to insert then? into suitable 

W vectors containing the information necessary lot replication, 
are well known to persons skilled in the art (cf<> for instance:, 
Sambroek er. ai . , Molecular Cloning; A Laboratory Manual, 2nd 
Ed., Gold Spring Harbor, 1989). 

The ceil of the invention:,; either comprising a Dm construct 

20 or an expression vector of the invention as defined above, is 
advantageously used as s host cell in the recombinant production 
of an a- amylase variant of the invention. The ceil may be 
transformed with the QUA construct of the invention encoding the 
variant, conveniently by integrating the DNA construct {in one 

25 or more copies) in the host chromosome. This integration is 
generally considered to be an advantage as the DNn sequence is 
more likely to be stably maintained in the cell. Integration of 
the DNA constructs into the host chromosome may be performed 
according to conventional methods, e.g. by homologous or 

30 heterologous recombination. Alternatively, the ceil may be 
transformed with an expression vector as described above in 
connection with the different types of host ceils. 

The ceil of the invention may be s cell of a higher organism 
such as a mammal or an insect, foot is preferably a microbial 

33 ceil, e.g. a bacterial or a fungal (including yeast) ceil. 

Examples of suitable bacteria are grampositive bacteria such 
as Bacillus suhtilis, Bacillus Ueh&ni formic, Bacillus l&ntus, 
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Bacillus br&vis. Bacillus stearothsrmophilus ) Bacillus alkaio- 
phllus, Bacillus ^mylGliqii&faciem, Sac ill as eoagulans, Bacillus 
ciraul&hs, Bacillus iautus, Bacillus megat&rlmn. Bacillus 
thuringimsis, or Streptomy&m Xividabs Mreptomycas mur^us, 
5 or gremnegative bacteria such as ihcoll. The transformation of 
the bacteria may, for instance, be effected by protoplast trans- 
formation or by using competent ceils in a manner known per se. 

The yeast organism may favourably be selected from a species 
of SapchAromyc&B or smizomccharmyc^s r e.g. SBcckaromyces 

10 c&r&visiae. The filamentous fungus may advantageously belong to 
a species of Aspergillus., e.g. Aspergillus oryaae or Aspergillus 
niger* Fungal ceils may ba transformed fay a process involving 
protoplast formation and transformation of the protoplasts fol- 
lowed by regeneration of the cell wail in : a manner known par sea 

IS A suitable procedure for transformation of Aspergillus boat 
cells is described in EP 238 023, 

In yet a further aspect, the present invention relates to a 
method of producing an a-amylase variant of the invention, which 
method comprises cultivating a boat cel.! as described above 

20: under conditions conducive to the production, of the variant and 
recovering the variant from the cells and/or culture medium:. 

The medium used to cultivate the cells may be any convention- 
al medium suitable for growing the host ceil in question and 
obtaining expression of the a-amyiase variant of the invention. 

25 Suitable media are available from commercial suppliers or may be 
prepared according to published recipes {e.g. as described in 
catalogues of the American Type Culture Collection) , 

The a-amyiase variant secreted from the host ceils may con- 
veniently be recovered from the culture medium by we 11- known 

38 procedures, including separating the ceils from the medium by 
centrifogation or filtration, and precipitating proteins ceous 
components of the medinm by means of a salt such as ammonium 
sulphate; followed by the use of chromatographic procedures such 
as ion exchange chromatography, affinity chromatography , or the 

35 like. 

Indu strial applicat ions 



WO 99/1 



30 

The u~amyisse variants of this invention possesses valuable 
properties allowing for a variety of Industrial applications . In 
particular, enzyme variants of the invention are applicable as a 
component in washing, dishwashing m$ herd-surface cleaning 
5 detergent compositions.. Numerous variants are particularly 
useful in the production of sweeteners and sthandl from starch, 
and/or for fertile desiring. Conditions for conventional, starch- 
conversion processes, including starch liquefaction and/or 
sacchari float ion processes, are described in, e.g., US 3,912,530 
10 and in EP patent publications tfos. 252 730 and 63 SOS. 

Producti on of sweeteners from starch ; 

A "traditional" process for conversion of starch to fructose 
syrups normally consists of three consecutive enzymatic 

15 processes, viz. a liquefaction process followed by a ssechaxi- 
fication process and an isomer iaatioh process, During the 
liquefaction process, starch is degraded to dextrins by an 4~ 
amylase (e.g. TerjaamyP*) at pH values between 5.5 and 6,2 and at 
temperatures of 93-160*0 for a period of appro*. 2 hours, in 

M order to ensure an optimal enzyme stability under these condi- 
tions, tm of calcium is added (40 ppm free calcium ions). 

After the liquefaction prbcess the dextrine are converted 
info dextrose by addition of a giocoamyiase (e.g. m®**} and a 
debranchinq enzyme, such as an isoamyia.se or a puiiuianase (e.g. 

35 Promosyme**) . Before this step the pH is reduced to a value below 
4,5, maintaining the high temperature (above 95*0, and the 
liquefying a~amyiase activity is denatured. The temperature is 
lowered to 60 *C, and giueoamytase and debranching enzyme are ad- 
ded. The saccharification process proceeds for 24-72 hours. 

38 After the saccharif ieation process the pH is increased to a 

value in the range of 6-8, preferably pH 7.5, and the calcium is 
removed by ion exchange. The dextrose syrup is then converted 
into high fructose syrup usingy e.g.i ah immobilised giuco- 
seisomerase (such as Sweet zyme^h 

33 M. least 1 enzymatic improvements of this process could be 

envisaged. Reduction of the calcium: dependency of the 
liquefying a-amyi&se. Addition of free calcium is required to 
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ensure adequately high stability qf the tp~amylase> but free 
calcium strongly inhibits the activity of the glucoseisomerase 
and needs to be removed, by means of an expensive unit 
operation, to an extent which reduces the level of free calcium 
5 to below 3-5 pgm. Cost savings could fee obtained if such an 
operation could be avoided and the: liquefaction process could' be 
performed without addition of free calcium ions. 

To achieve that, a less calcium-dependent Terrsamyl~li ke 
a- amy la so which is stable and highly active at low 
10 concentrations of free calcium (< 40 ppsv) is required. Such a 
Termassyi-Iiks a-amyXase should have & pH optimum at a pH in co- 
rsage of 4,5-6.5, preferably in the range of 4,5-5.5. 

IS As mentioned above, variants ot the invention may suitably be 

inqopporated in detergent compositions. Increased 
thermostability at low calcium qoncentrat ions would foe very 
beneficial for amylase performance in detergents, i.e. the 
alkaline region. Reference is made, for example, to WO § : 6/£387.4 

28 and WO 97/07202 for further details concerning relevant 
ingredients of detergent compositions (such as laundry or 
dishwashing detergents! , appropriate methods of formulating the 
variants in such detergent compos iti on a, and for examples of 
relevant types of detergent compositions , 

25 Detergent compositions comprising a variant of the invention 

may additionally comprise one or more other enrymes, such as a 
lipase, cutinase, protease, celiuiase, peroxidase or laccase, 
and/or another a-asr/iase. 

a-amyiase variants of the Invention may foe incorporated in 
38 detergents at conventionally essployed concentrations. It is at 
present contemplated thai a variant of the invention may be 
incorporated in an amonnt corresponding to 0.00001-1 rng 
(calculated as pure, active enzyme protein) of a-amyiase per 
liter of wash/dishwash liguor using conventional dosing levels 
35 of detergent. 

The invention also relates to a composition comprising 
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a jnlxturs ox one or more variants 61 the invention derived from 
Us the parent f er&amyl-Iike a- amylase) the B, 
stent rothermophilus a-amylase having the sequence shown in SEQ ID 
NO j 3 and a Tormamyl --like alpha-SHiylase derived fros- the B. 
5 lichen if omis a -amylase having the sequence shovn in SEQ ID NO: 

Further, the invention also relates to a composition 
comprising a mixture of one or more variants according the 
invention derived from (as the parent fenaa^yl-like a-amylase) 

W the S. steatothztmaphilus ^-amylase having the sequence shown in 
SEQ ID NO: 3 and a hybrid alpha-amyiase comprising a part of the 
8. m^Mliqmfaciens a~amylase shown: in SEQ ID NO: 5 and a part 
of the B.. licheniformis <x~amyia:s^ shown in SEQ ID NO: 4., The 
latter mentioned hybrid Temartiyi-iike a-amylase comprises the 

IS 446 C- terminal amino acid residues of the B. liahenlfoiMis a- 
a&ylajsa ahown in SEQ ID KOj 4 aii& the 37 H~ terminal amino acid 
residues of the a -amylase derived from 8. 4u;n r lcliquafa.ci ens 
shown in SEQ I'D NO; S, Said latter mentioned hybrid a-amylase 
may suitably comprise the following mutations::: 

20 HlS0T4AI81T-f.NT9GF^2O9V~Q2€4S (using the numbering in SEQ ID NO; 
4} - In the examples below said hybrid parent Termamyl-iike «~ 
amylase, is used in combination with variants or the invention, 
which variants may be used in compositions of the invention. 

In a specific embodiment of the invention the composition 

25 comprises a mixture of TVB146 and LE174, e.g. , in a ratio of 2:1 
to 1:2, such as 

A a -amylase variant of the invention or a composition of the 
invention .may in an aspect of the invention be nsed for washing 
and/or dishwashing; for textile desising or for starch 
30 liquefaction. 
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Enzymes ;■ 

bsg alpha-ano/Iass: B, steaz&thsrmaphiXns alpha-amyiase depicted 

5 in SEQ ID NO; 3, 

TVB146 alpha-amyiase variant; B, stmzothsjrmcypfiilus alpha- 
amylase variant depicted in SSCj ID NO? 3 with the following 
mutations; with the deletion in positions I181-G3 82 f M193F. 
Mil 14 hybrid alpha- amylase variant: 

10 I.-EI74 is a hybrid Terniaxoyl-like alpha-a&yi ase being identical 
to the Termamyl sequence, ire,, the Bacillus lichen! tojrmis a~ 
amylase shown in 3E0 ID NO-: 4, except that the N-teraiipal 35 
amino acid residues (ox the mature protein; has been replaced 
by the N- terminal 33 residues of B&B (mature protein) , i.e., 

15 the ''Bacillus asnylol iqugf aliens alp^aa™ amylase shewn in $EQ ID 
MGi $, which further lis^fpliowincj isutations : 

; HiS6Y*M 8 §W+$2&$y , +&MS (using the numbering in. SEQ ID NQ : ; 
4-X. ■■JMl'U was constructed by SQS-PGR (HIgucni. et al , 1988, 
Nucleic Acids Research 16:7351) > 



Fermentation and purification of a~a*ayXase variants 

A It. subtil is strain h^rpouring the relevant expression 
plasmid is streaked on a LB-agar plate with 10 ug/nd. kanamycin 
$rm ~BQ*c stock, and grown overnight at 37*ch 
2S The colonies are transferred to 100 ml &$% media supplemented 
with 10 ug/M kanamycin in a 500 ml shaking flask. 
Composition of BPX medium; 



Potato starch 



100 g/1 

50 g/1 

0.1 g/1 

10 §71 

20 g/1 

9 g/1 
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Barley flour 
Bm 5000 SKB 



Sodium caseinate 
Soy Bean Meal 
ttcHPOo 12- H : 0 



Huron* c 



Oil g/1 



The culture is shafeen at 37*0 at 270 rpm for 5 days. 
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Cells and cell debr.1 s are restored from the fermentation broth 
by centrif ligation at £500 drgm in 20-25 minutes. Afterwards the 
soperrnutant is filtered to obtain a completely clear solution.. 
5 The filtrate is concentrated and washed or; a UF-fiiter (10000 cut 
off membrane) and the buffer is changed to 20mM, Acetate pH 5,5. 
The UF~ filtrate la applied on a S-sspfcarose P. F. and eiution is 
carried out by step elation with fu2M Had in the same buffer. 
The elirste is dialysed against iOmM Trie, pH 9.0 and applied on a 
10 Q~sepharose It F. and elated with a linear gradient from 0 •• 0 . m 
®aCl over € column volumes. The fractions which contain the 
activity {measured by the Phadefoas assay) are pooled, pK was 
adjusted to pH 7.5 and remaining color was removed by a treatment 
with 0.5! W./vol. active coal in 5 minuter. 

JtotiMty determination « (KNO) 



One Kilo aipah-amyiase Unit fl KHU) the amount of enzyme which 
breaks down 5.26 g starch (Merck, .IVmylusi SoXnbile, Erg, B 6> 
M : Batch P94727S) per hour in. H&m : No«disfc. r s. standard method for 
determination of alpha-amyias^ based $P©B %b& following 
condition; 



Substrate soluble starch 

Calcium content in solvent 0.0043 M 

Reaction time 7-20 minutes 

Temperature 3?*C 
pH 5.6 



30 Detailed description of Hoyo wordisld s analytical method ;AF §5 
is available on request. 
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BS-a&vyles© Activity Determination - KHU(S) 

X * X ic<& t i on ITXeXd 

This method is used to determine tf-aaylaae activity in 
5 fermentation and recovery samples arid formulated and granulated 
products , 
2 . Principle 

BS-amylase breaks down the substrate { 4 , 6~ethylidene (G-d ~p~ 
nitrophenyl {G x 5 -a, D-msItobeptap^ide (written as ethylidene~G 7 ~ 
Si) PSP) into, among other things, Gj-PNP and C^-PSIP, where 0 denoted 
glucose and PdP p-nitrophenbl ,. 

G2--PN? and G3~?N? are broken down by a-giaoosidase, which is 
added in excess* into glucose and the yellow-coloured p~ 
nitrophenoi . 

15 The colour reaction is monitored in situ and the change Irs 

absorbance over time calcylatsd as an expression ■©£ the spree d 
of the reaction and thus of the activity of the enzyme. See the 
Boehringer Mannheira 1442 3SS ^sidelines for further details, 

29 3.1 Reactio n conditions 
Reaction; 

Temperature .; 37°C 

pH : 7.1 

Pre-incubation time ; 2 minutes 
25 Detection : 

Wavelength ? 405 nro 

Measurement time 3 minutes 

3 ♦ Definition of tlnits 

30 SacilJus Btearothermaphliis alpha-amyiase (BS-amylase) activity 
is determined relative to a standard of declared activity and 
stated in Kilo Hove dnits {Stearothermophiius) or %3m£S) U 

4, Specificity &ad Sensitivity 

Limit of determination:; apprpK, 0*4 KMU(s)/g 



5 , Appa r a feu a 

Cobas Pars analyser 

Dilated {e.g. Hamilton Hierolab XDGO) 
Analytical balance 'e.q. Hcltier AK 100} 
stirrer plates 

6 . B»»§«afs/Swb8trat®s 

A ready-made kit is used in this analysis to determine a~aaiyiase 
activity, Hots that the reagents specified for the substrate and 
a-giucosidase are not used as described in the Boehrinqer 
.Mannheim guidelines. However, the designations "buffer", "glass 
r% glass la" and Glass ?/* are those referred to in those 
guidelines, 

6> 1 ., Subs trate 

4, 6-et::hyiidene (Gd ---p-nitrophsnyl (G ; ) ~a, D~maltoheptaoside (written 
as ethyiiden^-G-;~PeP} e.g. Boebringer Mannheim 1442 309 

6.2 ^ glmoBxmse help, reagent 

d~giueosidase ? e.g. BoeHringer >i&nnheim 1442 3:03 



6.3 BRXJ 3$ ■solution 

BRIO 35 (30% um Sigma 430 

Daminetalized water 



up t o 2 



1000 mL 



6> 4 Stabiliser 
Brij 35 solution 
CaCl ; d2H 2 0 (Merck 2382} 
Demi neral i z'ed water 



33 mL 
882 g 

up to 2, 000 mL 



7 . Sax-spies and Standards 



7 , 1 Standard curve 

Example: Preparation of SS-amyiasa standard durve 
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the relevant standard Is dilated to 0.60 KM3{s)/mL as follows, A 
calculated quantity of standard is weighed out and added to 200 
mL volumetric flask, which is filled to around the 2/3 saark with 
deminersiized water, Stabiliser corresponding to II of the 
S volume of the flask is added and the flask is filled to the mark 
with. dsnuneraiised water. 

A Hamilton Microlab 1.000 la used v.o produce the dilations shown 
below. Oemineralised water with 11 stabiliser is used as she 
diluent. 



| uiiusson he. 


^uyyms stocK 
solution 




"KMU'TsTTnlL™! 


? " 


iOut 




07uT H 
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3QpL 


mom 






40s.iL 


560i.iL 




— 


50j.il 


550{aL 




■ 


mpL 


54Q|*L 


OTtns- 



7. 2 Lev el control 

h Hovo Cordis k A/S BS amylase level control is included in all 
runs using the Cofeas Fara. The control is diluted with 1% 
IS stabiliser so that the final dilution is within the range of the 
standard curve. All weights and dilutions are noted on the 
workiist 

7.3 Sample solutions 
20 Single determination 

Fermentation samples (not final samples) from production, all 
fermentation samples from pilot plants and storage stability 
samples are weighed out and analyzed once only. 
Double determination ever 1 run; 
23 Process samples, final fermentation samples from production., 
samples from GLP studies and R&D samples are weighed out and 
analysed twice. 

Double determinations over 2 runs: 
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Finished product samples are weighed out and analysed twice over 
two separate runs. 

Maximum concentration of samples in powder form: 51 
'rest samples are diluted with demoralized water with 1% 
S stabiliser to approx. 0.03? Kk'U (S) /ml. on the basis of their 
expected activity. The final dikstion is made direct into the 
sample cup. 

10 8,1 Codas Menu Program 

^ The Codes Menu Program is used to suggest the weight/dilutions 
of samples and level control to he used. 

* Thf samples are entered into the program with a unique 
identification cods and a work hi at is printed out 

15 The samples and control are weighed out and diluted as stated 
on the work! isc with hand-written weight data is inserted into 
the BS~araylase analysis logbook 

.P ^he results are comp«te^ed automatically by the eb&as Fara: as 
described in item 9 and printed out along with the standard 
20 curve,: 

• Wotkltsts and results printouts are inserted into the SS- 
amyiase analysis logbook. 

8 , 2 Cohas Fa ra set^uo 

25 ^ The samples are placed in the sample rsok 

^ The five standards are placed in the calibration rack at 
.position 1 to 5 {strongest standard at position 5; , and 
control placed in the same rack at position ID, 

m T he substrate is transferred to a 30 mh reagent container and 
30 placed in that reagent rack at position 2 (holder 1). 

B The a-glncosidase help reagent is transferred to a 50 rat 
reagent container and placed in the reagent rack at position 2 
(holder Cj 



35 8.3 Cobas Fare analysis 
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The main principles of the analysis are;; as follows i 
20j.iL sample and lOuL rinse-»water are pipetted into the cuvette 
along with 250>L nt-glueosidase help reagent. The cuvette rotates 
for 10 seconds and the reagents are thrown out into the 
S horizontal cuvettes. 25j*L snfcstrate and 2CuL rinse-water are 
pipetted off, After a 1 second wait to ensure that the 
temperature is 37°C, the cuvette rotates, again and the substrate 
is mixed into the horizontal cuvettes. Ahsorfoanoe is measured 
for the first time after 120 seconds and then every 5 seconds. 
10 Ahsorban.ce is measured a total of 37 times for each sample. 

9 . Caieulatisms 

The activity oi the samples is calculated relative to Bovo 
Cordis k A/8 standard, 
13 The standard curve is plotted by the Ipter , The curve is to 
be gently curved, rising steadily to an ebsorbance of around 

0. 25 for standard no, 5. 

The activity of the samples in KMU(S)/mL is read off the 

standard curve by the analyzer, 
;20 The final eaioulstiofta to allow for the weights/dilutions used 

employ the following formula.: 

Activity in KhU(S)/g - S x V X F/W 

S« analysis result read off (KfcJUCS) /mL 

V~ volume of volumetric flask used in mL 
25 F~ dilution factor for second dilution 
weight of ensyme sample in g 

9.2 Calcul a t ion of mead values 

Eesuits ate stated with 3 significant digits. However, for 
30 sample activity < 10 KMUf&)/g, only 2 significant digits are 
given. 

The following rules apply on calculation of mean values: 

1, Data which deviates more than 2 standard deviations from the 
ssean value is not included in the calculation. 

35 2. Single and double determination over one run; 

The mean value is calculated on basis of results lying within 
the standard curve's activity area. 
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3, Double determinations over two runs: -All values are included 
in the mean value. Outliers are omitted.. 

10. Accuracy and Precision. 

3 The coefficient of vardatidh is 2.B% based on retrospective 
validation of analysis results for a number of finished products 
and the level control, 

Assay for firftaylase Activity 

10 a-Amyisse activity is determined by a method employing 

Phaddbas® tablets as substrate,. 3?.had.ehas tablets tPhadefeassS) 
Amylase Test, supplied by Pharmacia Diagnostic) contain a cross- 
linked insoluble blue-coloured starch polymer which has been 
mixed with bovine serum albumin and a buffer substance and 

IS, tabietted, 

for every single measurement one tablet ls : suspended in a: 
tubs containing 5 mi Sp mM; Britton™ Robinson buffer !:5G mM acetic 
acid, SO mM phosphoric acid, SO mH boric acid, 0.1 teM CaCl^, pH 
adjusted, to the value of interest with NaOBi . The test is 

20 performed in a water bath at the temperature of interest. The a- 
amylase to be tested is diluted in. x mi of SO m Britten- 
Robinson buffer, 1 ml of this a-amyiase solution is added to the 
5 mi 50. mM Britton-Robinsbn buffer. The starch is hydrotysed by 
the a-amyiase giving soluble blue fragments. The absorbance of 

25 the resulting bine solution, measured apectrophotometricaliy at 
620 nm, is a function of the: a-amyiase activity. 

It is important that the measured 620 nm absorbance after 10 
or 15 minutes of incubation (testing tiiae) is in the range of 
0.2 to 2,0 absorbance units at 62:0 nm. In this absorbance range 

30 there is linearity between activity and absorbance (Lambert-Beer 
law}. The dilution of the enzyme must therefore be adjusted to- 
fit this criterion, under a specified set of conditions (temp,,. 
pH, reaction time, buffer conditions! 1 -mg of a given a-amyiase 
will hydrolyse a certain amount of substrate and a blue colour 

35 will, be produced. The colour intensity- is measured at 620 nm. 
The measured absorbance is directly proportional to the specific 
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activity iaotivityAmg of pure a-amylase protein) of the o.» 
amylase in question under the given set of conditions. 
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Construction of variants of BSKS s remylase ; (SEQ ID HO; 3) 
5 The gens encoding BSG, myS f is located in plasmid pPLlll?. 

This plasmid contains also the gene conferring resistance 
towards fcsnamycin and an origin of replication, both obtained 
from plasmid pUBHO (Grycsan, et ai (1578) J. Bad: 134:318- 

323} . 

10 the DM a sequence of the mature part of amy$ is shown as SEQ 

ID KOz 11 and the amino acid sequence of the mature protein is 
Shown as SEQ ID mi 3 

S$G variant IV814 5, which contains a deletion of 6 
nucleotides corresponding to amino acids 1181-G182 in the 

15 mature protein, is constructed as follows; 

Polymerase Chain Reaction CPCR} is utilized to amplify the 
part of the amyS gene (from plasmid pFLil 17; I Pea ted between 
DNa. primers B$G1 (SEQ ID HO: 15} and SSGH2 {SEQ ID NO: 18) . 
BSGl is identical to a part of the amyS gene whereas BSGM2 

20 contains the 6 top nucleotide deletion, h standard PGR reaction 
is carried out: 34% for 5 minutes, 25 cycles of {94*C for 45 
seconds, B'0°C for 45 seconds, ?2 <5 C for SO seconds) , 72°C for 1 
minutes using the Fwo polymerase under conditions as 
recommended by the manp fact are x f Boehringer Mannheim Gmbh, 

25 The resulting approximately 550; bp amplified band was used 

as a megaprimer {Barik., S and Gal ins ki, gfS 21391); 
Biotachniques 10; 489-490} together with primer BSG3 in a 
second 2CR with pPLlll? as template resulting in a WK fragment 
of approximately 1080 bp, 

30 This DMA fragment is digested with restriction 

endonucleases &ec65l and Sail and the resulting approximately 
550 hp fragment is ligated info plasmid pPLlll? digested with 
the same enzymes and transformed into the protease- and 
amylasa-deleted Bacillus suatilis strain SHA273 (described in 

35 W092/H3S? and W095/10S03}, 

Kanamyein resistant and starch degrading transf ormants were 
analysed for the presence of the desired mutations (restriction 
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digest to verify the iht roquet ion of a HindlJl site in the 
gene) < the m~h sequence between restriction sites Acc6SI and 
Sail was verified by DNA sequencing to ensure the presence or 
oniy the desired mutations, 
3 BSCi variant TV8I46 which contains the same 6 nucleotide 

deletion as TVS 14 5 and an additional substitution of asparagine 
193 for a phenylalanine, *tl93sh was* constructed in a similar 
way as TVB145 utilizing primer BS(M3 (SEQ ID HO: 19} in the 
first PGR , 

10 BSG variant TVS 161, containing the deletion of 1181-0182, 

N193F, and L2G4F, is constructed in a similar way as the two 
previous variant© except that the template for the PCS 
reactions is casein p?vB146 fpPLHI? containing the: TVS146- 
mutations within aiayS and the mutagenic oligonucleotide for the 

15 first PGR is BSGM3. 

B$G variant TVB 162, containinn the deletion of ri81~Gx32, 
B133EV and K21GH, is constructed in a similar way as TVS161 
except that the mutagenic oligonucleotide is SSSM'4 1SEQ ID MQz: 
20). 

20 BSG variant TVB163, containing: the deletion of: J181~GI82, 

M193F, and S214Q, is constructed in a similar way as TVB161 
except that the mutagenic oligonucleotide is BSGM5 (SEQ ID ^0: 
21} ; 

The shove constructed BSG variants were then fermented and 
25 purified as described above in the Material and Methods* 
section, 

Me&snressent of th# e&Xoi-am- and. pH -dependent stability 

30 'normally, the industrial liquefaction process runs using pH 
6,0-6,2 as liquefaction pH and an addition of 40 ppm free 
calcium in order to improve the stability at 95 G C-i05 [> C, Some 
of the herein proposed substitntiens have been made in order to 
improve the stability at 

35 1, lower pH than pH 6, 2 and/or 

2, at free calcium levels lower than 40 ppm free calcium. 

Two different methods have been used to measure the 
improvements in stability obtained by the different 
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substitutions in the o-amyiase from . ■B.&.te&rothermQphzlvsi 

Method X.. One essay which measures the: stability at reduced. 
pH, pH 5.0, in the presence of 5 pom free calcium, 
10 ug of uhe variant were incubated under the 
5 following conditions: .& 0, 1 H acetate solution, pE 

adjusted to pH 5.0, containing Spem calcium and 5% w/w 
common corn starch (free of calcium). Incubation was 
made in a water bath at 35*0 for 30 minutes. 

Method 2. One assay which measure the stability in the 

ID absence of free calcium and «here the pH is maintained at pH 
6,0, this assay measures the decrease in calcium sensitivity: 
10 ug of the variant were incubated under the foi lowing 
conditions: A O.i M acetate solution, pH adjusted to 
pH 6.0, containing 5% w/w common corn starch (free of 

IS calcium) , Incubation was made in a water bath at .95 *C 
for 3D minutes . 

Stab.:. 1 i t y dot e Hrrcc^M^E 

Ail the stability trials I, 2 have been, made using 
20 the sa^s set up. The method was: 

the enssyma was incubated under the relevant conditions a~4j. 
Samples were taien at 0, 5, 10, 15 and 30 minutes and diluted 
25 times (same dilution for ail taken samples} in assay buffer 
(0 - IK 50mM Britton buffer pH 7.3; and the activity was 
25 measured using the .Pha<3eb$8 assay {Pharmacia} under standard 
conditions pH 7.3, 37 *C. 

The activity measured before incubation (0 minutes) was 
used as reference (100%). The decline in percent was calculated 
as a function of the incubation time. The table shows the 
38 residual activity after 30 minutes of incubation. 
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Stability method 2. / Low calcium sensitivity 
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Spec! fig activity determination. 
5 The specific activity was determined using the Fhadabas 

assay (Pharmacia) as activity/mg ansyme. The activity v?as 

determined •us ing the a -amylase assay described in. the Materials 
and Methods section herein. 

The specific activity of the parent enzyme and a single and 
lit a double mutation was determined to: 

BSG: SEQ ID Hp: 3 (Parent enzyme) 30000 NU/mg 

TVB145; SEQ ID NO; 3 with the deletion in positions 
1131-0182; (Single mutation) 34600 NO/ma 

15 

T?B146: SEQ ID HO: 3 vfith the deletion in positions 
I181-G182 * NI33F: (Double mutation} 

36600 HU/mg 

TVS163; SEQ ID ^0:3 with the deletion in positions 
30 I18I-G1324K193F4E214Q; (Triple wtstian} 36300 NO/mg 

EXAMPLE 3 

Pilot plant jet cook and liquefaction with a lg?ha~amyi sse 
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var iant TVB146 

Pilot plant liquefaction .experimeititis were run in the mini- 
let system using a dosage of 50. M) iB}/g DS, at pH 5,5 with 5 
ppm added Ca*\ to compare the performance of formulated SSG 
5 aipha-amylase variant. TVB146 (SSQ 10 HO : 3 with deletion in 
positions 

I181-G182 4- H193P) with that pf parent ESS alpha-amylase (SEQ 
ID NO? .3). The reaction was monitored »y measuring the DE 
increase (Neocuproine .method.) as a function of time. 
10 Corn starch slurries ware prepared by suspending 11.8 kg 

Ceres tar C*Pharm GL 03406 (89 % starch) in deionlzed water and 
making up to 30 kg< The pH was adjusted to 5,5 at ambient 
temperature, after the addition of 0,55 g CaOI*. 2B f 0, 
The following erurymes were used: 

15 

TVB146 108 mO {■$)■/ g., 146 Kto( : SH9) /g 

BSG amylase 101 KNU(S)/g, 98 KHU (SH9) /g 

An amount of erdsyme cq ^responding to 50 Mtt {SUB.) /g DS m$ 
20 added, ana the conductivity adjusted to 300mS using dad. The 
standard conditions were as follows:! 

Substrate concent. t at iod 35 % w/w (initial) 

31.6-31,9 % w/v (final; 
25 Temperature l0S e C, 5 nin (Primary liquefaction) 

90 min (Secondary liquefaction) 

pH (initial} 5,5 

After jetting, the liquefied starch was collected and 
30 transported in sealed thermos-flasks from, the pilot plant to 
the laboratory, where secondary liquefaction was continued at 
95 c Ch 

10 mi samples were taken at 15 minute intervals from 15-90 
minutes, 2 drops of 1 & HC1 were added to inactivate the 
35 enzyme. From these samples, 0 . 3-0 . 1 g {according to the 

expected DE} were weighed out and diluted to 100 mi. Reducing 
sugars were then determined according to the Meocuproino method 
{Determination of reducing sugar with improved precision. 
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Dygert, Li, Florida and Thomas (1965) , Anal, Biddhem 13, 368* 
and DE values determined. The development of DE as a function 
of time is given in the following tablo: 




m can be seen the aipha-amyiase variant TV8I4 6 performed 
significantly better under industrially relevant application 
conditions at low levels of calcium than the parent BSG alpha- 
amylase, 

m 

EXAMPLE 4: 

Jet Cook and Liquefaction with a combination of alpha- amylase; 
variants (TVB146 and IS 174} 

Jet cook and liquefaction: using a combination of the: alpha- 
15 amylase variants, TVS14S and LEI 7 4 {ratio were carried out 

at the following conditions ? 

Substrate A. it. Staiey food grade powdered corn starch 
(ICOibs) 

D.S. 351 using DX water 

20 Free Ca** 2i7ppm at pH 5.3 (none added, from the starch only) 
Initial pH 5.3 

Dose AF9 units (AF9- is available on request) for each enzyme 

variant was 28 m/g starch dfo for a total dose of 56 NP/g 

Temperature in primary liquefaction 1Q5°C 
25 Hold time in primary liquefaction 5 minutes 

Temperature in secondary liquefaction 9S*C 

At 15 minutes into secondary liquefaction 1,5 gms of 

hydrolyrate was added to a tared one liter volumetric 

containing 50Oce of pi water and 1 mi of one normal HC1 and the 
30 exact wt. added was recorded. This was repeated at 15 minute 

intervals out to 90 minutes with an additional point at 127 
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minutes . These wers diluted to one liter and determined for 
dextrose equivalence via &eocuproii;e issihod as discribed by 
Dygert,Li, Florida arid T&omas. Determination of reducing sugar 
with improved precision {%$$$) * Anai> Blochesi 13, 368, 

5 

The results were as follows; 



Time 


DE 


15 


3.2 


30 


4,:a: 


45 


6 ,3 


60 


7 , 8 


75 




90 


10,4 


127 


13. i 
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US GENERAL INFORMATICS? 
(i) APPLICANT; 

Ihi NAME: SOVO NiORDXBK A.- 



;'£) COUNTRY: DeiiJSiark 

it) POSTAL COOS iZtm i 3K~28B0 

10 m T^mmam: 4-4$ m 44 se 

iH) TTIBIAX : -45 44 49 33 5g 
{ill TITLE OE ilSV^SLlOK: AMYLASE VARIANTS 
{ill) BOMBER Of SEQUENCES; 21 

;ivi commm smvi&sM form; 

1-S }A3 TYES: Floppy disk 

(85 COMPUTER; IBM PC coKips:£i.bl« 

;C} OPERATIVE SYSTSH; PC "DOS /MB- 003; 

(0) £'>'LYTWA?'". : l^testltj Release #1.0, Version #1 ,25 (EPOS 

20 52} ISFOAMATIO^ EOR EEQ 1-0 NO; 1: 
U s SEOBSUGS CHARACTERISTICS t 

;AS LENGTH : 4 8 5 asiiifco acids 
(8) TYPE: miao acid 

2§ (0) WQWt&St.', Ursear 

Ci.1} MOLECULE TYPE; p-sptMsv 
im S^OIIENCE; DESCRIPTION I SEQ ID HO; It 

His His Asn <3Xy Thr Asa Ely Thr Met ■■-Met ma Tvr S£u Trrs tvr 
SO 1 $. 10. IS 

tro .Asa: fely .$sa& Bis Tsp Asn An? Lay Arq Asp As» &X« Ala 
20 2S 30; 

3S Asr : lys Ser. Lys Gly I%* Thr Ala Val trp lis ?ro Pro Ala Tro 

35 id 45 

Lys Civ TAi; S«r Gin Asa Asp Val Ely Tyr Civ Ala Tvr As» Lex; Tvr 

so ss ge 

48 

Aty L&i Gly SIm Ph« Asr: Gin Lys Gly Thr Val Arg Thr Lys Tyr Ely 

?q 75 so 

Thr Arg Asa Clrs: L01 Gin Ala Ala V&X Thr S'e r Leu Lvs Asr. Asa Ely 
4S 85 90 95 

He Sin Val Tyr Ely Asp Val Val Mat Ask Hi-: Lys Gly Sly Ala Asp 
100 105 110 

SO Ely Thr Gil! lie Val MA Ms Val Glvs V«i tea Area Sep ftsn Arc; Asn 

US 120 ' 125 

Sin Cly Thr Sex Ely Gi« Tyr ftis Ik Slu Ais Trs> Thr Lvs Phe As» 
150 ■ 138 HO 



PC17DK98.4RS444 



15 



Phe Pre Sly Arg Sly Mrs Asp Sis Ssr Ser Pae Ly:;. Trp Arg T.sp Tvx' 
14s ISO 155 100 

Sis; Phe A.s;p Gly Thr Trp Asp Gin Sat Arg Gift Leu Gin Mr Lys 
155 170 175 

lie Tyr Lys Phe Arg Giy Thr Gly Lys Ala Trp asp Trp Giu Vail As» 
ISO 105 ipQ 

Thr Giu Asa Gly Ass fyr Asp Tyr Leu Met Tyr Ma asp Asp Met 
195 200 205 

Asp nU Fro Gia Val lie His Glu Leo Arg As r ; Trp Gly Vai Tr>- Tyr 
210 213 220 

Thr Asa Thr Lea A«n Leu Asp Giv Pha Ac a lie ftsp Ala Vai Lvs His 
225 230 zm ' 246 



T.1-S Lys Tyr Ser Pbs> Thr hzg Asp Trp Leu Thr His V*i Ara &sr> Thr 
SO 245 250 255 

Thr Gly Lys Pro Met Fh« Ala Vai &la Gin Phe Trp Lvs Asn Ass I,au 
260 20 270 

25 Gly Ala lie Glu Asn Tyr Lao Asn Lys Thr Sar Trp k) His Ser VsX 

275 280 2SS 

Vm &p Vsl Pro Lea His Tyr As;n Leu Tyr Asa Als iLer Mn 5-r Giv 
290 2g53 300: 

30 

Gly Tyr Tyr Asp Bat Arg Asa; lie La« Asa Gly Ser Vai Vai Gin hv& 
305 310 315 320 

His Pro Thr His Ma V«l Thr The Vai Aso Asa his; <••.:> a Ser Gin Pro 
36 325 330 335 

Gly A. • : Aia Lsu Gly Ser Pha Vai Gin Gin Try The Lys Pro Leu Ala 
340 345 330 

40 Tyr Ala Lsu Vai Leo Thr Arg Giu Gin Giy Tyr Pro Ser Vai Phe Tvr 

355 :W.) 365 



45 



Gly Asp Tyr Tyr Giy IPs Pro Thr His Gly Vai Pro Ala mt Lys Ser 
370 375 3S0 

Lys lis Asp Pro Leu Lau Gla Aia Arg Glh Tor Phe Ala Tyr Gly Thr 

385 590 395 * 400 

Gli) His Asp Tyr Phe Asp Hist Ms Asp Ha lie Giy Trp Thr Arg 31a 

405 410 413 

Gly Asu Ser Ssr his Pro Asn Ser Giy Lev Ala Thr lie Mat Ser As;:> 
420 325 430 



85 



Gly Pro Giy Giy Asa Lys; Trp i4«t Tyr Vai Gly Lysi Asa Lys Ala Giy 



WO 99/1 94$7 



435 430 445 

Gin Val Tip Arg Asp .tie fhr Gly Asa Arg Tor. Gly Tar V&i Thr lie 
4 50 455 460 

Asn Ala Asp Giy Trp Gly .Assrs Pha Ber V-iiX Mn Giv G;.v S&x Val Se^ 
4 65 4 70 4?S 4 80 

Vsl Trp Val Lys G': - 
<i8S 

INStS^mtiC)^ FOP, &&Q ID NO; 2; 
(I! SEQUENCE GKAKACT ERISTICS: 

ih) LEMGTH : 485 and no acids 

(®.) TYPE: amino acid 

iC- STAAli OPPRESS : single 

{D; fGVWJOGti linear 
ill) HOLSCOXS TV?E: pnpiG.da 
(si) SEQUENCE DESCRIPTION: GOp IP NO; 2; 

His His Asn Giy Thic *>.:;. n Gly Thr M«t M«t Sin Tyr Ph« Pin Tro !Us 

Ley Pro Aan Asp Gly Asn His Asp Arg. Lap Arcs Asp Ass» Ala Sar 
20 25 30 

Ass Arg Asn Arg Ply ft* Thr Ala Sis Trp lis Pro Pro Ala I'rp 
35 4:S 4 5 

Lys Gly T;;?: T>«r Gin Asn Asp Pal Gly Syr Gly Ala Tyr Aso L*;, Tyr 
90 SO 

Asp Lsu Gly Gly Pha ASK Gin Ays Gly Thr Val Arg Tisr Lys Tyr Giv 

1S ; 75 80" 

Thr Arg Ser Gin L«u Gin $er Ala lie His: Ma Leu Lva Ann Giv 
|S SO 95 

Pal Gir. Vai Tyr Giy Asp Vai Pal Met Asr : His LPs Gly Giy Ala Ann 
100 105 US. 

Ala Thr &La Ant; Pa! Gnu Ala Val Gis Pal &$n Pro Ann &sn hm Asn 
US 120 .125 

Gin Glu lie Per Gly Asp Tyr Thr lie Gla A- a Trp Thr Lys Pne Asp 
130 135 140 

Phe Pro Gly Arg Giy Ann Thr Tyr Ssr Asp f>fo« Lys trp Ara Trp Tvr 
HS 3 50 100 

His Pha Asp Giy Val Asp Trp Asp Gin Ser Aro Gin Phe Gin Asn Arg 
165 170 i?5 

lis Tyr Lys Phe Arg Giy Asp Sly Lys Ai« Trp Asp Trp Gin Va.1 Aa» 
180 185 190 



wo mm&? 



10 



Sez Qle Mm Sly Ash Tyr Asp Tyx Leu Mar y yr Kit Asp V to Asp Met: 

195 200 205 

Asp His Pro fla tol V»l Asn Gis Law A?x; Arq T?o Giy GIu Trp fvr 

£10 .21.5 220 

Thr Asa Thr Leu ton L«ss Asp Giy tog lis Asp Ala Vssl Lvs His 

225 230 2:35 2 40 

lis Ays Tyr tor Phs ttix Arg Asp ftp Jofea Thr His Val Arc? Asn Ms 



Thr Gi y Cya GTii Met Phe Ala Val Ala Si« Phe Tr» Ays: tos Asp ls» 
15 toO 2S5 270 

Giy hU h*ti Giv MS Tyr Leu As« Ays Thy Asn top As« His Ssr vsl 
S?5 2:80 285 

20 Phe top : Pre L«« Sis Tyr Asm Lew Tyr tor, Als Ssr ton. Sto Giy 

?SS 2m. 300 



25 



QXy&m Tyr Asp Met Ala Lysi: J-sa. Uss?. Assrs Giy Thr-V^l VaX Gto Lvs 

305 310 3tt* 320 

His Pre? *iet Sis Ala vat Tto Phe Val Asp : «ar.- fiiss As» Se:sr Sin too 

325 330 333 



Gly Gto tor Lea Gl« Se£ Phe tol Gto Giu T-xp Phe tot Pre to« Alt 
30 340 345 350 

Tyj: Ato Lea II® Lex; fhr tog Gto Gin Giy Tyr Pro tor Vto Phe Tyr 
3S5 MG 36S 

3S Giy top Tyr Tyr Gto I to Fro Thr Sis Ser Val Pro Ala Met Lvs Ato 

370 375 380 

Lys tX» Asp Pro: lie Lssu Gto Ala h£g Gto tori Phs Ala Tvr Gto Tto 

385 390 395 * 400 

40 

Sirs His Asp Tyr toe Asp His His Asr lis Tie Giy top Thr Arq Gto 

<sos 410. 4 1 s 

Gly :tor; Thr Thr His Pro ton Ser Glv Lett Ala tor lie Met tor Asp 
4S 420 42!; 430 

Gly Pro Giy Giy Gto Lys Trp Met; Tyr VaX Giy Gin Asa Lys Ala Giy 
435 4 to 445 

50 Gift tol Trp His Asp lie Thr fily toil Ays Pro Glv Thr toi Thr lie 

450 455 4 50 



S5 



tots Ala Asp Giy Trp Ala Asa Phe S&r Val Asa Glv Giy Ser tot S<sr 
465 470 475 480 



wo mm4& 



lia- Trp Val &rg 
485 



IN! 



S FOR SEG IDi. 



.SSQpEHCS C HAS AC T SRI ST I C S ; 

lh) 'LENGTH ; 514 amino acids 

(B; TYPE : amino aeiei 

fCf STEAEGSGliSSS; single 

iD) TOPOLOGY: Linear 
.i; HOLECiJLE TYPE : peptide 
ci; SECTJESjCS DESCRIPTION- SEO IE SO: 3; 



Ala Ala Fro Phs Asm Sly Thr Me-t M«t Giu Tyr Oi- Trr> Tvr Leu 

'I S 10 15 

Pro Asp Asp Gly Thr lav, ftp Thr i.vs Val Ala Asa j&y Ala As:\ 

20 25 it 



Lev; Ses Ssr ?,su Gly lie- Thr Ala Less Trp hm Pra Fro Ala Tvr Lvs 

3> 40 45 

Giy Thr S*r Arg Sex Asp t&l Giy Tyr Giy Val Tvr Asp fcsa Tyr Asp 

E®!i Giy GIsj Phe Asa Gin Lys Giy Ala Val Arc; Tar Lys Tyr Gly Thr 

£S 70 ?5 " 80 

LyS: Ala Tyr Gin Ala life; Gin Ala Ala His Ala Ala Gly Met 
S3 90 S5 

Sin V>1 Tyr Ala Asp Val Val Phs Asp Bis Lvs Ely Gly Ala ffsxj Gly 

iw ,tm iio 

Thy Giu Trp Val Asp Ala Val SXxi Val Asa Pro Ber Ass- Ars Assh Girt 
115 12.Q 125 

Giv lie Ear Ely Thr Tyr Gin lie Gin Ala Tr» Thr ays ?h* &&p Vh& 
m 132 140 

Pre Ely Arg Giy Asa Thr Tyr 3c- r Ser Phe Lys Trp Arg Trp Tyr His 
ISO } SI; ISO 

Phs Asp Giy Val Asp Trp Asp Giu S®r Arq Lys Laa Ser Arc? Il<5 Tvr 
1SS 170 175 

Lys Pss Arg Gly lie Giy Lys Ala Trp Asp Trp Val Asp Thr Gla 
ISO 185 190 

Asa Giy mri Tyr Asp Tyr Leu mi Tvr Ala Ast> Uu Asp Met Asp His 
195 200 205 

Pro Gin Val Val Thr Glvi ASa Lvs. Ser Trp Olv Lys Tra Tvr Val &sn 
210 215 220 



Thr Thr Asr, Jia Asp Giy Pha Ara Lao Asp Ala: Val Lys Sis II© Lys 



wo 



225 



230 



235 



24 0 



Phe; Ser Phe Wm Src Asp Trp Leo Se Sp Val Arc? Ser Sin Thr Glv 
24S 250 255 

5 

Lys Pro Lay S?hs thr V«l 61 y GTu Tyr Trp Se.£ Tyr asp lils As*5 Lys 
260 265 270 

Lei; His Asr: Tyr Tie M-h Lys Thr Asa Glv Thr Hst Sor Leu ?he Asc 

18 275 280 MS 



IS 



20 



AXs Sro Leu. His: ftsn Lys: Phe Tyr Thr Ala Sor Lys Ser Qly Sly Thr 

2^0 295 300 

Phe Asp mt Arp Thr Ley Mfet Thr Asn. Thr Lei* Met Lys Aso Gin Pro 

305 3X8 315 320 

Thr you Ms* v'sl Thr Phe Vsl Asp Aon His Mp Thr Glu Pre Glv Gin 

325 330 335 

Ala Loo Gin S«3f Trp Vel. Asp Pro Trp PM Lys f>r.a Led Ms Tyr Ale 

340 345 350 



»he lie Leu Thr Arg Oiri Sla Gly Tyr Fro Cys; V«.i Fhs Tyr Qly Asp 

25 355 360 365 

Tyr Tyr GLy Tie Pro QM Tyr Mr, lie Fro Ser fceu Lys Ser Lys He 
3 : ?0 375 380 

30 Asp Pro Lssii Leu lie Ma Arc. Arg Asp Tyr Ala Tyr Gly Thr Gin His 

38S .330 395 4§« 



35 



Asp Tyr Leo Asp His Ssr Asp lie He Gly Trp Tnr Aro Glu Glv Vs.! 

*05 no 415 

Thr Glu Lys Pro Gly Ser Gly Leu Ala Alo Lou lie Thr Ao> Glv Fro 

:m m 430 

Gly Gly Ser Lys Trp Mot Tyr Vol Gly Lys Gi» His Ala Glv Lys Val 
«2 4<SC 445 

Phs Tyr Asp Leu Thr Gly A.sn Arg Ser Asp Thr vcO Thr lis Aso Ser 
4.39 Mm 4&0 



45 Asp Gly Trp Gly Giu Phe Lys VTrl Ash Gly Gly Ser Val Ser Val Tro 

4 65 4 70 4/5 480 

Pro Arg Lys Thr Thr Val Ser Thr i.U Ale Trp Ser lie Thr Thr 
485 430 4 95 

SO 

Arg Pro Trp Thr Asp Gio iA;e Vai Arg Trp: Tor Slu Fro Arg Loo Val 
500 505 310 



85 



Ala Trp 



7 



v^oopoorroH for pp;o xs no; a -, 

ii) SP.OOSGCB OHOPACTfiOTPTiCS; 

(A) LSKGTfi; 483 asdrto aedds 

(B3 TYPE ; -amino sc. id 

(C) MfJDED^ESS ; single 

{D; TOPOLOGY ; linear 
(ii) MOLECULE TYPHG protaio 
0-:iG SSQGjSOOg DESCR X i"? 108 ; GEO- .TD HO: 4: 

Ms m& tan Giy 31: ? Le« Met Gin Tyr m» CO; ftp tyr Met Pr;> 
1 5 to 15 

Asn Asp QJ y Sirs His Trp Arc; Or;- I&m Cir; Asa Asp Ssr Ala Tyr L«« 

20 25 30 

Ala Ola, Bis Giy ila Ola y&X T;:p lis P?\- Pro Ala Tyr Lvs Giy 
3S 40 45 

Thr Sfer GO. Ala t&p Gly Tyr Giy Ala Tyr A=» Le« fvx Asp: 
$0 SS £0 

Giy 6iu B>s His Gin Lys Giy fhx Val Arg Thr Lys Tyr Giy Thr Lys 
<$5 ?0 76 8£) 

Giy SX:u 0*1! Gin Per Ha lie Lys Ser Lets His Ser Arc; Asp lis Ass 
85 90 

V&X Tyr Giy Asp Val V»J Xi« Asp His Lys Giy Giy OX;; Asp Ala Tb* 
100 105 110 

•Gixi Asp Val Thr Ala Vsi <3.1u Vai Asp Pro AU Aso Arcs Aso Arcs Val 
IIS 120 125 

lie Sex- Giy GO; Hie Lsu lis Lys Ala Try Thr His ghe His -o., pre 
130 135 140 

Gly Ore GXy cO:; Tor Tyr Set Asp Ph<: Lys Tro Pis Trc Tvr His Phe 
1*S 150 155 X60 

Asp GXy Thr Asp Try Asp Gly Per Arq Lys Leu As:o Arcs lie Tvr Lys 
165 170 175 

She GO-; Giy Lys Ala Trp Asp Tr P Glu Vs.! Ser A::n Giu Asn Giy Asn 
ISO 185 190 

Tyr Asp Tyr, fees? Met Tyr Ais Asp lie; Asp Tys As;s- Bis Pro Aso Vai 
19S 20G 203 

Ala Aie Ola lie Lys Arcs Trp Giy TOr Trp: Tvr Aia Asn Giu Gau Gir; 
210 2X5 220 

Leu Asp Giy Pi;;; Ary Leu Asp Aia Val Lys His lie Lvs PPe Par Phe 
225 230 235 240 



Leu Arg Asp Tr;v Vai Asn Sis Vai Are Giu Lys Thi Giv Lys Glu 
20 Sm 255 

ALe frit Vai Ala Glw Ty;: Trp Gin Asa asp Lau Glv Ala Ley Glu 
5 260 MS 210 

Tyr Lew Asn Lys Thfc Ass *he Asm His v«i Phe Ass Vai Pro Leu 
A-V 280 285 

10 Has Tyr Gin Ala AU Ser Thr Gin Gly Sly Giv Tvr Asp Ket 

290 335 300 

Arg Lys l.ee L»« Aim Gly Ths Vai Va i Ser Lys His Pro La& Ays Ser 
305 310 515 320 

IS 

Vsi Thy Pfs« Vai Asp Ass His Asp Thr Gin Pro Giy OA: Ser Leu Giu 
325 330 335 

Ser TAr Vai '.. ■■ ■ Thr Trp eh® Lys Fro Leu Aia Tyr Aie Pha He Leu 
20 340 545 fm 

Thr Atg Si« Sar Giy Tyr Pro Gin Va 1 She tyr Gly Aso Met Tyr Sly 
355 3S0 36S 

2S Thr Lys Giy Asp Ser Gin Ate Glu lie Pro Ala Uiu Lvs His Lys lie 

370 375 380 

Glu Pro tie Leu Lys Ala Arq Lys Gin Tyr Ala Tvr Gly Ala Gin His : 
305 390 33S 400 

30 

Asp Tyr Fhe Asp His His Asp lie Vsi Gly Trp Thr Arq GX;i Giy Ase 
^05 <nc $£5 

Sar Ser Vai A '• .>. Asv: Ser Giy ley Ala Lis Leu lie Thr &sp Gly Pro 
35 420 AA 0Q 

Gly Gly Ala Lys Ar« Met Tyr AA Gly Arg Glu As:: Ala Gly Glv; Thr 
435 «8: 445 

40 Trp His Asp lis Thr Giy Asn Are Ser Glu Pro Vai Vai lie Asu Sex 

450 455 450 

Glu Giy Trp Gly GA; Fhe His Vai Asa Giy Giy Ser Vai Ser VA- Tyr 
410 475 450 

Vai Gin Arg 



(2; INFORMATION FOB SEC; I'D ACA 5; 

SO li) SEQUmCZ CHARACTERISTICS: 

(A } LENGTH f 480 cwsaoo acids 
(B0 TYPE; and.no acid 
(C; STSANDSDHESSi single 
(D5 TOPOLCGY: 1 s near 

55 iii} MOLECOLS TYPE ; ostein 



WO 



S$Q<OSMCE DGSCP 5 iPTlQS3 ; SEQ ID SS: 5: 

Val km Gly Tor Leu Hssfe Gin Tyr Phs Giv- Trp Tvr Ti;:: Pxd Ask As;, 

1 3 10 IS 

s5 

Gly CP: His Trp Lys Arp Leu Gin &sx Asp Ala Glu His toy Ser Asp 

20 25 30 

lis; Gly XI* Tbi Ala V.h i Trp He Fro Pro Ala Tv): Lys &lf Leu Ser 
10 3$ 40 4 5 

Gin Ssr Asp Ass Sly Tyr ply Fro Tyr Asp Leu Tvr Asp Lau Giv G&a 
50 55 60 

IS Fh:« Gly Gin Lys Gly Thr Vsi Are; T>; r Lva Tvr Gly Thr Lys Gar Giu 

65 70 75 ;§0 



20 



35 



50 



Ley Glss Asp Ala lie Gly uer Leu His. Sar AtQ A&ti Vsl Gin Val Tvx 
S3 M- 95 

Gly asp V*l Vai Leu Asn His Lys Ala Gly Ala Asp Ala Thr Glu A*t> 

100 105 fib 



Vsl Thr Ma Vsl Glu VS.iis wtti Ms-- Ptsn Arc? Asn GIjv Sly Thr Ser 

25 IIS 120 125 

Glu aia Tyr Gin life Lys Ala Tip Thr Asp Phe Arcs She Pro Giv Argr 

130 135 140 

SO Gly ftss Thr Tyr Gar Asp Pne Lys Trp His Ttt> Tvr His Ph« Aso Sly 

MS HO 1S5 ISO 



Ala: Asp Trp Asp GIp Ssr Arg Lys He Sfer Itii Ph« Lys Pha Arq 
165 HO 175 

Gly Glu Gly Lys Ala Trp Trp Glu V«i So* Per Gly &S8 Giv Asn 

ISO iiS- 190 

Tyr Asp Tyr Leu Her Tyr Ala Aso Vsl As» Tyr Asp His Pro As;; Val 
40 195 200 205 

Val Ala Glu Thr Lys Lys Trp Giv lie Tro Tvr Ala Asft Glu Lea Ser 
210 215 220 

46 Leu Asp Gly Phe Arg He Asp Ala Ala Lys His lis Lys Pha Per Pne 

225 230 235 240 



Leu Arg Asp Trp Vsl Gin Ala Val Arg Sin Ala Thr Gly Lvs Glu Hoi 
24 5 255 255 

Pha Thr Vsl Ais Glu Tyr Trp "Gift Asp Asn Ala Giv Lys Giu Asa 
2<30 265 270 



Tyr Leu Asa Lys Thr Ser Phe Asft Gin Ser Val PPe As» Vai Pro L«u 
§S 275 280 285 



WO 59467 



F07i>K98/M444 



AO 



His Ah© Aso -hm Gin Aia Ms Gar Ser. Gin Sly Gly G; y Tyr Asp Met 
290 295 300 

§ hrg 8 ro LPu :« Asp iSiy >?hx Wl V&l Ssx hrg His Pro G!» Lys Ms 

385 31.0 315 3S0 

Val Thr Phe Vsl Giu Asp His hsp Thr Gir; Vzo Giv Glxs 3«r Leu Giu 
325 330 333 

10 

per Thr Vaj. Sin Thr Trv. Phe Lys Pre; Leu Ma Tyr Ala £fee He Lay 
340 345 350 

Thr Arg Gia S«r Gly Tyr Pro Gin Val Hvst Tyr Sly Asp htet Tvr Giv 
15 335 360 3«S: 



as 



Thr Lys Gly Thr 3er Pro Lys Gisi lie Prs Ste Lysr Asp Asrj lis 

370 373 380 

20 SlB Vxp He Lo« Lys his Arg Lys «3v Tyr his Tyr Gly Pro Gin His 

3B5 : 3§0- 395 400 



Asp Tyr lis Asp His Pro A$p- : y&X 1.1* Gly Trp Thr hrg GU: Cly Asp 
405 410 0.5 

$** S«r Ala his Lys '$'** Sly . Ukl Ma Ala Ley lie Thr Asja Gly Fro 
428 m 430 



Gly Gly Sar Lys Arcs -«et Tyr his Gly Lsu Lvs Asa his Giv Gia Thr 

30. 435 440 445 

'Trp Tyr Asp lis Thr Gly &srn A.rg Ser Asp Thr VAi Lys lie Gly Ser 
450 455 460 

35 Asp Gly ftp Gly Gly ?ha His Vai Asp, Asp Gly S«r VM Ssr lis? Tyr 

4 65 470 47S 480 



40 ;2) IP FORMATION FOR 8E0 ID *SOi 6; 

{. V; SEQUENCE CHARACTSRISTlCSi 

(A; LENGTH; 48 & amino acids 
(S; TYP» : amino acid 
fC) STRANDS DHESS ; alaqle; 
45 (D? TDPGLOGx; iin&ar 

Oil) MOLECSJLE TYPE; peptide 
{.si} SEQUENCE DESCRIPTION: SLO ID 80: 6: 

His M.$ Asn Gly Thr Asn Gly Thr SSst Mat Gin Tyr S>hs Glu Trp Tyr 
§0 1 5 10 15 



5S 



Lsa Pro Asn Asp Gly Aaa His Trp Asn Arg Lou Ash §«* Asp A.U Sar 
20 25 30 



WO 



PCT/i>&MW444 



11 



Ask Las; Ays Ser Ays Sly Tl« Thr Ms Val Trp lie Pro Fro Ala T'ro 

3S 40 n 

Lys <51y Ala Ser Gin Asa Asp Val G.i.y Tyr 01 v Ma Tyr 8st> Lm Tvr 
SO 55 60 



10 



Asp Leu Gly Giu Pha hsn Bin ly/s Gly Thr Val Arg Thr Lys Tyr G:y 

65 70 % §0 

fftr Ara Gar Gin Lau Gin Ala Ala Vai Thr Ser Leu Lvs Asn Asn Giv 

s& m 35 



IS 



20 



26 



30 



45 



11* Gla Val Tyr Giy Asp Vol Val. *fe : t ASP His Lya Giy Qly Ala ;,:sr 

ioo io5 no 

Ala Thr Sill Met Val Arq Ala Val Giy Val Asn Pro Asn Asa Arxt Asn 

XX& ISO 

Gin Gi.a Val tlx? Gly Gin Tyr Thr lis Gla Ala Tsp Thr Ara. Ana Asp 
130 135 140 

Pha Pro Gly Ara Gly Asn Thr His Sax Gar :?he Lys Trp Ara Trp Tyr 
US ISO 155 1.60 

Ms Pha Asp Gly Val Asp Trp Asp Gin Ser Arq Ara Lea Asm Sam teq 
165 170 175 

lis : Tyr Ays Pha Arc; Gly His Giy %ys Ala Trp Asp Trp 61 « Vai ftsp 

iso m$ iso.. 

far Gl«. Asn Giy Asn Tyr Asp Tyr Leu Mat. Tvr Aia Ask lis as« M<at 

g00 20.5 

Asp His Pro Giu Val Vai Asn Giu t-atJ Ara Asrs Trp Giy v.:= ■ Tyte Tvr 

210 215 .220 

Thr Asa Thr Lew Giy La a Asp Gly Pha Ara Tie Ala Vai Lvs Bis 
325 230 MS 240 

Il-s ays Tyr S«t Phs Thr Arg Ass Trp II® Asa His Val Ara Ser Ala 

245 250 255 

Thr Gly ay:. Asa MZ Pr.a Ala Val Ala GXii Fh« Trp Lvs Asn Ast> Apu 
2© 265 270 

Giy Ala lie 01a Asn Tyr heu Gin Lya Thr Asr Trp Ara Sis Sar Vsi 
2* ! 5 280 285 



Phs Asp Val Pro Aeu Hi*. Tyr Asa Lea Tyr Asa Ala Jar Lvs Sap Giv 
SO 290 23$ 300 



55 



Giy Asp Tyr Asp Hat Arc; Asa lis Phe Ask Gly Thr Val Val Glp Ara 
010 



S05 310 315 320 

Kis Pro Sax- Sis Ala Vai Thr Pha Val M Asp Bis Asp Gar Gin Pro 



20 



X2 



326 330 335 

Glu Glo Ma Leu Glu. Ser ?he V&l Gla Glw Trp Pho Lys Pro Leu Ala 
340 Ms 3S0 

5 

Tyr Ma Lea Thr Leu Thr Arg GIu Gii; Sly Tvr Pre Sor Vai Pho Tvr 
355 360 365 

Sly Asp Tyr Tyr Gly lie Pro Thr Bis Glv Vai Pro 'Mm Met Arc? Sor 
10 370 315 380 

Lys Ik Asp Pro He Loo GM Ma Aro Gin Lvs Tvr M» Tvr 01 v Lys 
385 3$0 3SS 400 

15 Gin Asp 1'K Le3 Asp Hi;; His Aevi Us ll» Sly Tro Thr Arq Gin 

^05 415 

Giy Asa Thr &a His Pro A;o a-r Gay Lsu M« Thr lis Ms;; G*r Asa 
4 SO 425 430 

Gly Ala Gly Giy Sex Lys Trp Hot Phs Vai Gly Ar« As» Lys Al;> Giy 
435 440 M5 

Gin V&J Trg Sex Agp Us thr Giy ten Ary Thr Giy T&r Vai Thr lis 
2S 450 4 55 460 

«sj* Ala Asp Gly Trp Gly &sn Phe 8<sr Val Asa Gly Giy Sor Val 3ex 
465: 470 475 480 

30 Tl« Trp Val Asn Lys 

485: 

■ m mmmktjm m szq id no; 7: 

35 (A; LENGTH: 485 : »a&n«j acids 

(B) TYPE; afflino acid 

to srmHxmmm^ siagi« 

Wi TOPOLOGY; linear 
(UJ MOX.SCU.LS; TYPE: paptida 
40 {xii SiigOKhCE DESCRIPTION: S£C: TO SOs 7: 

His His Asrs Gly Thr Asn Giy Tar Mst Mst. Gla Tyr Phe Gly Trp Tvr 

* 5 W 15 

45 



50 



L^S 3ro Asa Asp Giy Asn His Trp Asn Arq Las Ar« Asp Asp Ala Als 
K0 gS 30 

Asa L»u Lys Ser Lys Giy lie Thr Ala Val Trfe lie Pro Pro Ala Trp 
35 40 4§ 

Lye Gly Thr Sex Gin fen Asp Val Gly Tyr Qiy Ma Tyr Asp Leo Tyr 
50 55 60 

Asp Leo Gly Glu Sh« Asn Gin Lys Gly Thr Val Pry The Lys Tyr Gly 
65 70 75 80" 



W0 9 i >/HM6? 



rCT/»KM/80444 



13 



ths hrq Asr; Gin Ley Gin «Ia AIs Vai Thr Ger Lsx; Lys Assr; As;x Giy 
85 90 95 

lie Gir; Vai xyr Sly Asp Vai Vai Met Asr : His Lys Giy Sly Aia A*s> 
100 105 110 



10 



Giy Thr Glii lie Vai Asrs Ala Va.l Giu fei Asm Arc* Ser Asrs Arw Asis 
115 120 125 

Gin Ql\s >mx Ser Giy Qln Tyr Aia II® GXti Ala Tjjp Thr Lys Pha Asp 



130 



135 



Phs Pro Gi y Arg Giy Asa- Asn His Pax Ssr Ays S*r$> *r:; Trp Tyr 

IS 145 150 3 55 I 6Q 

Hi* Me Asp Giy Thr Asp Trp Asp Gin Bar. Arg Sirs Mil Gin As:a Lys 
16*5 IW 175 

£0 lis Tyr Lys Phs Arp fely Thr Giy Lys Aia Trp Asp Slu Vai Asp 

ISO IBS ISO 



25 



30 



Thr Giy hssrx Giy Mo Tyr Asp tyr L«u Met Tyr 11a Asp Vai Asp .Met 
155 200 205 

Asp His Pro Git) Vai lie His Giy Lex; Ar# tim Tup Giv Vsl Tro Tyr 
m SIS 220 

Thr As*> Thr X*u Asn Ls.u Asp Giy Phs He Asp Aia Vai Lvxi His 
225 230 235 240 

IH lys: Tyr Ser Phg Thr Arg Asp Trp Leu ShS His Vai Arg Asr: Thr 
245 250 255 

36 Thr Giy Ays Pro Set Phs Aia Vai A'; .:; GIu Phe T?:p Lva Asr; Asd Leu 

260 265 270 

Giy Aia Tie Giu Ass: Tyr Leu Asn Ays Thr Gsr Tra Asr; His Gar Vai 
275 280 * 285 

40 

Phs Asp Vai Pro Mti His Tyr Asa Lex; Tyr Asp Ala Sss Asr* Ser Giy 
230 235 300 

Giy Tyr Tyr Asp Met Arq Asrx 11% Lex; Asa Glv Ssr Pai Vai Gin Lvs 
4S 305 310 315 320 

His Pro Thr His Ala Vai Thr pft-e Vai Asp Asm Bis Akd Per QM Pro 
32S 330 335 

SO Giy Glu Aia t«.a Gio. S«.r Phe Pal Gin Girs Trp Phe Lps Pro Lay AIs 

340 345 350 



SS 



Tyy Aia Ls« Vai Lea Thr Aj.q Gin Gin Giy Tys Pro: Ser Pal Phe Tyr 
355 360 365 



wo www? 



14 



Gly Asp fy* Tyr Sly lis Pro Thy His Giy Vs.l Pro Ala M«t Lys Ssr 
3'<0 375 380 

Lys lis Asp Pro Leu Qln &1& Arg Gin Thr Pho Ala Tyr Giy Ti:r 

S 385 m * m 

Gitt Siis &&p Tyr Hhe Asp His Bis Asp Ii« lie 61v Try; Tr.r Arq SXu 

«05 no iti 

10 Giy Atari Ssr Ser His Pro Ass Sar (Sly Lea Ala Thr lie Mtft Ser As:> 

m 4S& 



IS 



Sly Pro Giy Sly Asn Lys Trp H<st Tyr Val Giy Lys Ash Lys Ala Giv 
*35 540 445 

Gin V'ai Trp Arc; Asp lis Thr Giy Aan Arc; Tin O.S v Thr Va.i Thr iie 
*5Q 4§S m 

Asn Aia Aap Giy Trp Gly Asri Phs 5 m V<= 1 Asr Gly Giy Ssr Vai S<sr 
20 4 65 470 413 480 

Vsl Trp Val Lvs. Gin 
4SS 

25 ll^FOHMATION FOR SSQ ID HO: "5": 

m mQUSMGE CHARACTERISTICS c 

(A) LENGTH s. 48S mtno acids 

(B; TYPE; aislnci sijid 

(C) STR^DSD!S?SSS; single 
30 (15) TOPOLOGY; litt«ar 

f'iti) SSQOEHCg ;D^£5e©iPTia^; 8EQ ID HO; 0; 

fis,s His Asn Gly Thr Ass Gly Thr fcfet Met gin Tyr Phe 0in Trp His 
35 1 5 10 IS 

Leu Pre Aan Asp Gly Asn His Trp Asn Arq Lev; Ar« Asp Asp Ala Ser 

£0 : .25 30 

40 Asn Leo A:;:g ?<so Arq Gly Ho Thr Ala II® Trp lis pro Pro Ala Tst? 

35 40 45 

'•■>•;; Aly Thr Bar Gin Asn Asp Vai Oly Tyr Giy Ala Tyr Asp toy Tyr 
50 SS 60 

45 

Aap Lsu Giy Glu Phe Asn Gin Lys Sly Thr: Val Axq Thr Lys Tyr Gly 
70 75 80" 

Thr A?: a Sor Gin Leu Giu. Eer Ala lis His Ai.a Leu Lys Asn Asn Glv 

¥ai Gi.n Val Tyr Giy Asp Vai Vai mt Asn- His Lys Gly Gir Ala As» 
100 105 HO 

56 AlS> Thr Gla As:u Vai Leu Ala Vai Gin Vai Ass Pro Asa Asn Arg Asn 



wo wnmi 



15 



ns 



120 



125 



Gin Glxi XX® Ssr Gly Asp Tyr Thr U« G.i:p AX« Tip TAr LPs ffee As» 

130 m 140 

S 

Ph=& Pro Gly A?-;; Gly A&n Thr Tyr Ser Asp Pha Xys Xrn Ara Tr» Tyr 

**S 130 I5S JSC) 

His Pha Asp 0.. y i Asp rrn Asp Gin Ssr Ar« Gin Aha Sin Asa Ax a 

10 163 170 175 

lis Tyr Lys 8h<s Arq Gly Asp Giy Pyx Ala Trp Asd Trp GXls V*i As*> 

ISO 18=5 lM 



15 



Ser Slu &sm Giy Azn Tyr Asp Tyr leu Mai: Tyr Ala Asa V#i Asp 8et 

x 9i 200 zm 



Asp Pis Pro Ciu Val /si Asri Gh; Lea Arts Ara Tro Gly GX« Trp Tvr 
m 215 



Thr Aso Thr A«u Ass Uv. '&sp GXy Bh« Arg lis Asp his Val Ays His 
225 230 235 240 

lie Tyr Sar Sh* thi Arg Asp Trp haa Thr His Vfcl Arq fern Ala 
25 MS 256 255 



35 



Thx Sly- Lys Gl« Met Phfc-XI* VaX. Ma: Glu . Trp Ays asrt Asp Las 
260 265 270 

Gly Ala, L<sg Gip As>> Tyr Pay Asa Lys Thr ten Trp A:-r, His Ssr Val 
2?5 SSO 285 

Phss hsp Vol Pro texs B.is : Tyr Asn. Leu Tyr Asp AXa Sar fen 0«;r Gi v 
290 m 300 

Gly Asr; Tyr Asp Met Ala Ays Lau Aats Gly Thr Vai Vai GPs Lys 

305 310 315 320 



Kis Pro mt His Ala Vai thr: m<s Val As» Asp His Asd Ssr Gin Pro 
40 325 330 335 

Giy CP ■:; Ser Lsu A P.; Ser Pha Val Sift GIs Trp Pha Pro Lssy Ala 
MQ MS 350 

45 Tyr A!, Leu lis Laa Thr Arg .fiffu Gin Giy Tvr Pra Ssr Pal Pne Tyr 

355 360 36S 

Gly Asp Tyr Tyr Gly ITp Fro Thr Sis Sar Pal Pro Ala mt Ays Ala 
3"10 375 380 

SO 

Ays XXs Asp Pro lis Asxi GIu Ala Arg GXh . » Pbe Ala Tyr Gly Thr 
385 390 395 400 



GXn His Asp Tyr Pbe Asp his His Aso lie lis Q) v Trp Thr Arc; Glii 
•55 405 410 415 



10 



16 



Gly h&n ?hr fht His Pro Ksn Ser 01 y Ma Thr. i Lss Mat S*r Asp 
«0 425 *30 

Gly: Fro Gly Gly Gia Ays Trp Het Tyr Vai Gly Gin .» SR Lys Ma Gly 
430 440 445 

<$U v -si Trp His Asp Ii« Ths Sly Jysrt Lys Pra Glv Tbr Val Thr 71« 
4 SO 45S. 4 60 

Asn Ala Asp Gly Trp Ala Asa mm- Sb>: Val Asn Glv Glv Ser Val Ser 
465 470 475 4S0 



Jits frp Val Lys As;g 

{?.) wmrnktigs fob seq id m-. g> 

?:U SS&UEiSGfe CHAAACTFFISTICS; 

■A5 LE'SSSTii : 145$ »ass pais* 
20 08) TYPE: r,uci-si &cid 

{P} TOPOLOGY i linear 
{ii? MOASCULS TYPE: DMA iq&x-mim 
{xif SSQ08SCK DSSCEI^IOH:' SEO ID $Q.i 5; 

25 

CATCATAATG GA*CAA&f 8G T#&ftgSKX$ O^XATTWS A&TGSTATTT :GCOAMT{SAC 60 
GGGMTCATT GGAACRGGTf GAGGSA^GAC GCAGCTAAer X^AAG^G'i'AA AGGGAT A&CA 120 
30 GGTQTATOGA TCCCACCTGC A^GGAAGSGG ACTTCCCAGA ATGATGTAGG TTATGGAGCC 138 

tatgatttai m&manm hmzm^mc p&st&m&qk cggttc^tac am&tatgga mq 

SCSvGGCASCC AGGtftCAGGC TSGGGTGACG tOftTAAAfe^ AfAACGGOAT TCAGGTATAT 300 

35 

GGTGATGICG TCATGAATGA TAMGGfGSA GCAGATGGTA CGGAAAITGT ftAATGCSGTA 360 

GAAGTGAATC GGAGCAACCG AAACCAGGAA AOGTCAGGAG AGTATSOAA'F AGAAGCGTOG 420 

40 ACAAAGTTTG ATITTCGTOG AAGAGGAAAT AAGCAXTOOA GCTTTAAGTG 8CG0TGGTA? 480 

CA'X'TTTGATG GGACAGATTG GGATCAGTCA vGCCAGGTTC AAAACAAAAT AtATAAATTC 540 

AGGGGAACAG GCAAGGCCTG OGACTGGGafe GTCGATACAQ AGAATGGCAA G:?AT:GAC?AT fiOO 

45 

CTTA.TGTATG CAOACGTGGA TATGGATCaC CCASS^GTM TACATGAACT TAGAAACTGG 6S0 

GGAGTGTGQT MACGMmC ACTSAAGCTT GATwGATXTA GAA^AGATGC AGTGAMGAT 720 

50 AfAAAATATA GGTTTACGAG AGAXfeGv'f'T AC&CATGXGO GTAAGAGCAC AGGTAAACGA 780 

ATGTTTGCAG TGGCTGAGTT TTGQMAAAT GAGCTTUGTG CAATTGAaAA CTATTTGAAT 840 

AAAACAAGTT GGAATCACTC GGTGTTTGAr GTTGCTCTGG ACTAtAA: GTACAATGCA 900 

S3 



wo nnmi 



T? 



TGTAATAGCG GTGGTTATTA 7GMm&m& AATATrTTAA ATGGTTCTGT GGxQCAAAAA 300 

CAGGCA^CAG ATGCCGTTAC TGTl^GTTGAT AACCATGATT GTCAGCGOGG GGAAGCATTG .10 ZD 

S GAATGG1GTG TTGAAGAATG GTTTaMCCA CxTGOAxATG GAxTSG^'&C"' GACAAGGGAA 1080 

CAAGGTTAGC CTTCCGTATT TTAGGGGGA? TAsiTACGS'fA. xGGGAAGCGA TGGTGTTCCG 1140 

GGIATGAAAT CTAAAATAGA GCGTCTTCTG OAGGCAGGTG AAAGTTf ?GG GTATGGTAGG Xgti© 

10 

CAGGATGATT ACTTTGATCA TCATGATA^T ATGGGTTGGA GAAGAGAGGG AAATAGGTCG 1260 

CATCCAAAG? GAGGGGTTGG GAGCATTATG TGAGATGGGG CAGGTGGXAA CAAA2GGATG 1320 

15 TATGTGGGGA AAAA7AAAGC GGGAOAAGTT TGGAGAGATA TTACCGGAAA TAGGAGAGGC 1380 

ACGGTGACAA TTAATGCAGA GGGATGGGGT AATfTCTCf G TT&kTGG&GS GTCGGTTTCG IS 40 
GTTTGGGTGA AQCAA 

20 

(2) ^J-CgmGlOS FOR G!-G 10 £50; it'.; 
(ij SSQ0GS1CS GS^AAACTSRXS'SICS; 

!A} LESSSTBs b«s« pairs 

m tmZi aueleic '4ci<j. 

mi TGFOLOG'f : linear 



30 




GGACAAATGG GACGAIGATG 


CAA'fACTTTG 


AATGGCACT'i' GGCT.AATGA'r 


60 




GGGAAGCAGT 


GGAATAGATt A^G&^SAf 


GCXAGTAATC 


fifcttftfttftG AGGGATAACC 


120: 


35 


GCTATT'fGGA 


TTGGGGGTGG G7GGAAAGGG 


ACTTCGCAAA 


ATGATG^GGG GTATGGAGCC 


i80 


i'ATGMCrTT 


ATGATTTAGG GG^fM* 


CAMAGGGGA 


CGGTTGGTAG TAAGTATGGG 


240 




ACAGGTAGTC 


AATTGQAGTG TGCCMCCAT 


GC'TTTAAAGA 


ATAATGGCGT TCAAGTTTAT 


300 


40 


GGGGATGTAG 


TGATGAACGA fAAASGAGGA 


GGTGATGGTA 


CAGAAAAGGT TCTTGCTGTC 


360 




GAGGTGAATG 


GAAATAACCG GAATCAAGAA. 


AT ATGTGGGG 


&CT&GAG&AG TGAGGCTGGG 


420 


45 


AGTAAGTTIG 


ATfTTCCAGG GAGGGGfAAT 


ACATACfGAG 


ACfTTAAATG GCGTTGGTAT 


480 




CATTTCGATG 


GTGGAGATTG GGATCAATGA 


CGAGAATTCG 


MAATGGTAT GTAGAAATTG 


540 




CGAGGTGATG 


GTAAGGCATG GGATTGGGAA 


GtAGATTGGG 


AAAA? GG A A TTATGAff'AT 


600 


m 


xxAATGTATG 


CAGATGTAGA TATSGAFGA? 


GGGGA^SGXAG 


TAAA'TGAGCi TAGAAGAGGG 


660 




GGAGAATGGt 


ATACAAATAC ATTAAATCTT 


•GATGG; \TTTA 


GGATCGATGC GGTGAAGCAT 


720 




ATTAAATATA 


GOT'TACAOG TGA??G(Gr"G 


ACGCATGtAA 


GAAACGCAAC: GGGAAAAGAA 


780 



S5 



wo mn$M7 



10 



ATGTTfGCTG TTGGTGAATT TTGGAMMT GA£?mGG?G GCTTGGAGAA CTATTTAAA'f 840 
pmkC&MZ'S GGAATCATTG VGTC" '? TGAT CGGGCCCTTG ATTAl'AAI'OT TTATAACGCG 900 
TCAAM'AGTG GAGGOAACIA TGACATGGGA AAACTTCTSA ATGGAACGGT <TG?XGAAAA.G 960 

GA'CCGAAtGC ATGGCGTAAC TTTTGTGGAT .AATCACGfvTT C?CSACOTGG GGAATCATTA I02C; 

GAATCATTTG TAGAAGAATG GTTTAAGCCA GTTGCTTATO CSCStSXTV? AAGAAGAGAA 1030 

GAAGGCTATG CGTCTGTGTT CTATGGTGAG TACTATGGAA TTCGAACAGA fAQTGTCCCA 114 0 

GCAATGAAAG CCAAGATTGA TCGAATOTTA GAGGCOCGTC AAAATTTTCG ATATGGA&CA 1200 

15 CAACATGAtT ATTTTGACCA TCATAATATA ATGGGA<?GGA GACGTGAASS AMSAGCAGG 12.60 

GATCCCAATT CAGGAGXTGG GACTATCATG TCQaATGGGO GA^GGGGASA GA^TGGATG. 1320 

TAGGfAGGGC AAAATAAAGO AGGTGAAGT? TGGCATGACA TAAGTGGAAA TAAAGCAGGA 1380 

20 

ACAGTTACGA TCAATGCAGA TSGAfSiSGCT AAXTTTTCAG: fAM®|S^3G ATGTGTfTCC 1440 

ATTTGGGTG A AAGGA i .4 55 

25 

m mmmxzw: fo* ssq id ho: u- 5 

it) SEQUENCE C 8 AR&G'S' BRX Si" ICS : 

m- LENGTH i 1548 base; pairs 
{.S3 TYPE: ■ftuaie&s: acid 
3D tC) STR^BKSASSSSi single. 

CD) TOCOLOGY: linear 
■til) m^LE TYPE; DSA {.gsMHi&g) 

.m) swmvcz nmcmmm: m& id ^ ii ; 

35 GGGGCACGGT TTAACGGCAG CATQ&TGG&w TAtTTTGAA? GGfACtTGGC GGATGATGGC 60 

ACG'TTATGGA CCAAAGTGGC GAA'TGAAGCC AACMCTmT CGAGGCTTGG CATGACCGC? 120 

CTTTGGCTGG GGCCCGCTTA CAAAGGAACA AGCCGCAGGG &CGTAGG GT A GGGAGTATAG 180 

40 

GACTTGTATG AGCTCGGCGA ATTCAMCAA A^GGGAGCS =rCCGGACAAA ATACGGAACA 240 

AAAGCTCAA? ATCTTCAAGC CATICAASCG GCCCACGCCG GTGGAATGCA AGTGTACGGC 300 

45 GATGTCGTGT TCGAGCATAA AGGCGGGGC? SACGGGACGS AATGGGTGGA CGGGGTCGAA 360 

GTCAATCCG1 CCGACCGC.AA CCA&GAAA'fC TGGGGGACGT ATCAAATGGA AGGATGGACG 420 

AAAXTTGATT TTCGGGGGGG GGGGAACACC mCSGCAGC? TIAAGTSSCG CTGGTAGGAT 480 

§0 

TTTGAGGGGG TTGATTGGGA CGAAASGGGA AjyVTTGAGGC GCATTTACAA AT7CGGGG GC 540 

ATCGGCAAAG CGTGGGATTG GGAAGTAOAG ACGGAAAAGG; GAMCTATGA CTAOTGAATG £00 

55 TATGGGGACG TTGATATGGA TCAfCGCGAA GTGGTGACGG AGCTGAAAAA GtGGGGGAAA SS0 



IS 





TGGTATGTCA 


AChamcQm cattgatggg vrQsm&nG mgccgtcm gca^ttaag 


720 


5 


TTCAGTTTTT 


TTCCTGATTG GXTGYCQTAT STSCGTWTC ^CKiSSCM GCCGCTATTT 


780 




ACCGTGGGGG 


GATAYYGGYG CTATGACATS AACAAGTTGC ACA^TXACAT TACGAAAACA 


840 




GACGGAACOA 


TGTG'n'TGTT TGATGCCCCG TX;ACAGA7«;A jy^-rf CGCTTCCA&A 


900 


10 


TCAGGGGGGG 


CATTTGATAT GCGCACGTYA ArGACCAATA CTCTCATGAA AGATCAACCG 


960 




ACATTGGCCG 


TCACCTTCG? TGATAATCAT GAC^SMG CCGGCCAAGC GCTGCAGTCA 


1020 




TGGGTCGACC 


CATGGTTGAA ACCGTTGGCT TACGCCTTTA rrCTA&OTCS GC^fk&SOft 


1000 


YACOCGTGCG 


TCTTTTATGG TGACTATTAT GGGATTCCAG AATATAACAT TCCTTCGCTG 


1140 




AAAAGCA?IAA 


TCGATCCGCT CCTCATGGGG CGC&GGGATT ATGCTX&CGG AACGG^CA? 


1200 


20 


GATTYVTGrOG 


ATCACTCCGA CATCATCGGG TGG&C&AGGG MGGGGGGAC T-QAAAA^CGA. 


1260 






TGGCCGCACT GMCACCfS&T GGGCCGSGAG GAAGG&MTG G&TGXACGS? 


O20 


2S 


GGCA?,ACAAC 


ACGGTGGAAA AGTGTTCTAT GACCTTACCG GCAAGCGQAS TGACACCGTC 


1360 






GTG&TGGATG GGGGGAATTC AA&OTCMTG GCGGTTGGGT V TCGG'TTTGG 


U<\0 




GTTOGT&S&Si. 


msbcmco&t ttctaccatc sstcggccga tcag&acggg accgtggact 


ism 


38 




TCCGTTGGAC GGAACCAGGS TTGGTGGCAT GGCCTTGA 





iZ) imosmnon mi beq id mi mi 

H'l SSOUESCE GfiMmCTgRIGTICS: 
35 (A) LKS-GTO; 1920 raso pairs 

•;S) TYPE : a»csi«.is acid 
•:C) STHMDEdNESg; si«gi<5 
fD; TOPOLOGY i linear 
Hi) MOLECOLS TYPE ; {qettCBtiCj 
40 fix] FEATURE: 

lh} SAKE /KEY ; CDS 

0] LOCATION: 421 . . 1.872 

(Kij s§@mm wse&j:&$-tm.i sm id m; 12 ; 

45 CGGAAG AT T <3 GAAGTACAAA AATMGCAAA AGATTGTGAA TCATGTCATG AGCCATGCGG 60 

GAGACGG^AA AAXCGTCTTA ATGCASGATA TTTATGGAAG GTTCGCAGAT GGtGCTGAAG 120 

AGATTATTAA AAAGCTGAAA GCAAAAGGCT ATCA&tTGGT AACTGTATCT CAGCTTGAAG 180 

AAGTGAAGAA GCAGAGAGGC TATTGAATA& AfGAGf AGAA GGGCCATATC GGCGCTTTTC 240 

TTTTGGAAGA AAATATAGGG AAAATGGTAC TTGTTAAAM TTCGG&ATA? TfATACAACA 300 

55 TCAT&TG'YTT CAGATTGAAA GGGGASGAGA AfCATGAAAC AAGAAAAAGG GCTTTAGGGC 360 



wo wn 94m 



$Ct.®K9$m444 



CGATTGCTGA CGCTGTTATT TGCGGTCATC TTCTTGCTGC CTCATTCTGC AGCAGCGGCG 420 



5 



15 



25 



36 



46 



GCA 


AAT 


CTT AAT QGG .ACG 


CTG ATG 


CAG 


TAT 


TTT 


GAA. TGG 


TAG 


ATG CCC 


4 68 


AAT 


GAG 


GGG CM CAT TGG 


ACG CGT 


TTG 


CAA 


AAC 


GAG TCG 


GCA 


TAT TTG 


516 


GCT 


GAA 


GAG GAT ATT 


ACT 


GCC GTC 


TGG 


ATT 


CCC 


CCG GCA 


TAT 


AAG GGA 


564 


KG 


AGC 


CAA GCG GAT 


GTG 


GGC TAG 


GGT 


GCT 


TAC 


CAC CTT 


TAT 


GAT TTA 


CIS 


GGG 


GAG 


TTT GAT CAA 


AAA 


GGG ACG 


GTT 


GGG 


ACA 


AAG TAG 


GGC 


AGA AAA 


660 


GGA 


GAG 


GTG CAA TCT 


GCG 


ATG AAA 


ACT 


CTT 


CAT 


TCC CCC 


GAC 


ATT AAC 


70S 


GTT 


TAG 


GGG GAT GTG 


GTG 


A'TC .AAC 


CAG 


AAA 


GGC 


GGC GCT 


GAT 


GGG ACC 


T56 


QM 


GAG 


GTA ACG GGG 


STT 


CAA GTC 


GAT 


CCC 


GCT 


CAC CGC 


AAC 


CGC GTA 


804 


ATT 


TCA 


GGA GAA CAT 


CTA 


ATT AAA 


GCC 


TGG 


ACA 


CAT TTT 


CAT 


TTT CCG 


8S2 


GGG 


GGG 


GGC AGC ACA 


TAG 


AGC GAT 


TTT 


AAA 


TGG 


CAT TGG 


TAC 


CAT TTT 


90(3 


mc 


OCA 


ACC GAT TGG 


SAC 


GAG TCC 


CGA 


AAO 


CTQ 


AAG CGC 


ATG 


TAT AAG 




CTT 


CM: 


GGA MS GCT 


TCG 


GAT TGG 


GAA 


GTT 


TCC 


AAT GAA 


AAC 


GGC AAC 


m 


TAT 


GAT 


TAT TTG ATG 


TAT 


GCC Q&C 


ATC 


SAT 


TAT 


gac cat: 


GCT 


GAT GTC 


1044 


GC& 


GCA 


GAA .ATT AAG 


AGA 


TGG GGC 


ACT 


TGG 


TAT 


GCC AAT 


GAA 


CTG CAA 


10*2 


TTG 


GAC 


GGf TTC CGT 


CTT 


GAT GCT 


GTC 


AAA 


CAC 


ATT AAA 


TTT 


TCT TTT 


ll«0 


TTG 


GGG 


GAT TGG GTT 


AAT 


CAT GTC 


AGG 


GAA 


AAA 


ACG GGG 


AAG 


GAA ATG 


.1.3 88 


TTT 


ACG 


GTA GCT GAA 


TAT 


TGG GAG 


AAT 




TTG 


GGC GCG 


CTG 




1236 


TAT 


TTG 


AAC AAA ACA 


AAT 


TTT AAT 


CM 


TCA 


GTG 


TTT GAC 


GTG 


CCG CTT 


1334 


CAT 


TAT 


CAG TTC CAT 


GCT 


GCA TCG 


ACS 


GAS 


GGA 


GGC GGC 


TAT 


GAT ATG 


1332 


AGG 


AAA 


TTG C.TG AAC 


GST 


AGG GTC 


GTT 


TCC 


AAG 


CAT CCG 


TTG 


AAA TCG 


1330 


GTT 


ACA 


TTT GTG GAT 


AAC 


CAT 'GAT 


ACA 


CAG 


CCG 


GGG CAA 


TCG 


CTT GAG 


1428 


TCG 


ACT 


GT" CAA ACA 


TGG 


TTT AAG 


CCG 


CTT 


GCT 


TAG GCT 


TTT 


ATT CTG 


1476 


aca 


AGG 


GAA TCT GGA 




CGT CAG 


GTT 




TAG 


GGG GAT 


ATG 


TAC GGG 


1524 


ACG 


AAA 


GGA GAG TCC 


CAG 


CGC GAA 


ATT 


CCT 


GCC 


TTG AAA 


CAC 


AAA ATT 


1572 


GAA 


CCG 


ATG TTA AAA 


GCG 


AGA AAA 


CAG 


TAT 


GCG 


TAC GGA 


GCA 


CAG CAT 


■620 


GAT 


TAT 


TTC. GAG CAC 


CAT 


GAG ATT 


GTC 


GGC 


TGG 


AGA AGG 


GAA 


GGC GAG 


1668 



55 



wo mmmi 



Fcrmmm444 



21 



AGC TCG GTT GCA AAC TCA GGT TTG C:CG GCA TTA ATA AGA GAC GGA CCC Xfl« 
GGT GGG GCA AAG CCA .ATG TAT G7C GGC CGG CAA AAC GGC GGT GAG ACA 1764 
S TOG CAT GAC ATT ACC GGA AAC GGT TCG GAG CCG GTT GTC ATC AAT TCG 1812 



GAA GGG TGG GGA GAG TTT GAC CTA AAC GGC GGG TCG GTT TCA ATT TAT I860 
GTT CM AGA TAG AAGAGCAGAG AGGSGGGATT TC^TT^y*GGA AJ^TCCGTTTT G3I2 
TTTATTTT ISZQ 



(2) TSPOIGGVIJOF FOR SSQ ID ?CA 1.2 i 
15 (ij SSQGKGCE CHARACTER! ST ICG : 

(A} AiCGCVT : 2084 base pai rs 
(B; TYPE; nucleic acid 
(G5 STRAHOED^SSS: si»gl<s 
(Dj TOPOLOGY: lits«.sr 
20 Hi) MOAECyiT: TYPE; GGA {genomic! 

i ix; t'GATUGEc 

{A:} iNAMS/KSY ; Ci>S 
{ B j LOC&tX8N' ; 3 4 3 < . 17- ! M 
(Xi5 SEQUENCE DESCRIPTION GSQ XG UOt 12; 

2& 

GCCCCGCACA; TACG&^^GA CTGSGTGAAA AGATTGAGCC TTTGtfGAGT GATG&TTTGG 60 
GTG&AGAAGT GG&TCGSTTG ?f!P8SSR«ftft GmGMGAGG ATAAAAATAO CtTSTCTGTC 12G 
30 ATCAGACAGG GTATTTTTTA TGGTGTOOM &CTGTGCGCT GTGTAA&AAT AAGGAATAAA 189 
GGGGGGTTGT T ATT AT TT T A OTGA3?&TGTA AAATATAATT TGTATAAGAA AATGAGAGGG MV 
AGAGGAMGA TGATTCAAAA ACS«CGG ^CAJSTTTCGT T€£Q&CTT£!T GCTTATGTGC 30U 

35 

ACOCTGTTAT TTGTCAGTTT GCCGATTACA .^^SAGM'CAG; CC GTA AAT GGC AGG 354 
CTG ATG GAG TAT TTT GAA TGG TAT AGG GGG AAC GAC GGC GAG GAT TGG 402 
40 AAA GGA TTG GAG AAT GAT GCG GAA CAT TTA TCG GAT ATC GGA ATG ACT 4 30 

GCC GTC TGG ATT CCT CCC GCA TAG AAA GGA TTG AGG CAA TGG GAT AAC 4 93 

GGA TAG GGA CCT TAT GAT TTG TAT GAT TTA GGA GAA TTG CAT CAA. AAA S<5£ 

4S 

GGG ACG GTC AGA AGG AAA TAG GGC ACA AAA TCA GAG GTT CAA GAT GCG 594 
ATC GGG TGA CTG CAT TCG CGG AAC GTC CAA GTA TAG GGA GAT GTG GTT 642 
§0 TTG AAT CAT AAG OCT GGT GCT GAT GCA ACA GAA: GAT GTA ACT GCG GTC 690 
GAA GTG AAT CCG GCC AAT AGA AAT CAG GAA ACT TCG GAG GAA. TAT CAA 738 



ATC AAA GCG TGG ACG GAT TTT GGT TTT CCG GGC GGT GGA AAG ACG TAG 78 6 

SS 



22 





ACT GAT TTT AAA TGG CAT TGG TAT CAT TTC GAG GGA GCG GAC TGG GAT 


834 




GAA TCC eSS AAG ATG AGC CGC m<2 TTT AAG TTT OGT GGG GAA GGA AAA 


'csS2 


S 


GCG TGG GAT TGG GAA GTA TCA AG? GAA AAC GGC AAC TAX GAC TAT TTA 


930 




ATG TAT GCT GAT GTT GAG TAG GAC CAG COT GAS GTC GTS GCA. GAG ACA 


S?S 


10 


AAA AAA TGG GGT ATG TGG TAT GCG AAT GAA. CTG TCA TTA GAC GGC TTC 


1G2G 




CGT ATT GAT GCC GGC AAA GAT ATT AAA TTT TCA TTT CTG CGT GAT TGG 


1074 




GTT GAG GCG GTC AGA GAG GCG ACG GGA AAA GAA ATG TTT ACG GTT GCG 


1122 




GAG TAT TGG CAG AAT AAT GCG GGG AAA CTC GAA AAC TAG TTG AAT AAA 


1170 




AGA AGC TTT AAT CAA TGG GTG TTT GAT GTT GCG GTT CAT TTG AAT TTA 


1.218 


20 


CAG GGG GGT TCC TCA CAA GGA GGC GGA TAT SAT ATG AGG GGT TTG GTG 


126§ 


GAC GGT ACG GTT GTG TCC AGG CAT CCG GAA AAG GGG -GTT AGA. TTT GTT 


3.314 




GAA AM vAT i. s AC ACA GAG COG GGA C&J TCA TTS GAA TGG AGA GTG CAA 


1362 


2S 


ACT TGG TTT AAA CCG GTT GGA TAC GCC TTT .ATT TTG AGA AGA GAA TCC 


mo 




^ <»»* %M **3S SM' A'i'G TAG m& ACA AAA GGG ACA 


nss 


30 


TGG GGA AAG GAA ATT CCC TCA. CTG AAA GAT AAT ATA ;SAG CCG- ATT TTA 


ISO 6 




AAA GCG CGT .AAG GAG. T&C GCA T&C GGG : CGG CAG CAG GAT TAT ATT GAG 


IS 54 




CA^ ^ fewf »;& ATG jmsA- TGG AGG AGG GAA GGT SAO AGC TCC GGG GCC 


1.S02 




AAA TCA GGT TTG GCC GCT TTA.ATC ACG GAC GGA CCC GGC GGA TCA AAG 


1650 




w« TA1 ^CC ^.iG AM : AM GUJ GGC GAG AGA TGG TAT GAC ATA 


1698 


40 


v»s iwA v-«x ACi «ia jnt>fi MG wvA GAL GGC TGG GGA 


17:46 




t^iirv 'f-T"^ •-•'i,-*:*- r^,^ii .-v\-" ■•^'>\ • wrtrt wU. >r«v«> j-™ v * v « 
S.t^o v« j U'irt .'-UV,-.- ^5i>>. ':.->.:ii.:< iw Git. *VV Ai ! lA'X «J? i GAk.; AciA TAA 


• ''■'<< 




GGTAATAAAA AAACAGCTCG AAGCTGAGTG CGGGTATCAG CTTGGAGGTG CGTTTATTTT 




4S 


TTCAGCCGTA TGAGAAGQTC GGCATCAGGT GTGACAAATA CGGTATGCTG GCTGTCATAG 






GTGACAAATC GGGGTTTTGC GCCGTTTGGC TTTTTCACAT GTCTGATTTT TGTATAATCA 


1974 


60 


ACAGGGACGG AGCCGGAATC TTTCGCGTTG GAAAAATAAG CGGCGA1CCT AGCTGCTTCC 


2034 


AATATGGATT GTTCATCGGG A'fCGCTGCTT TTAATCACAA CGTGGKATCG 


2084 



(2? X FORMAT 10M 2«R SEQ ID NO: 13; 
55 SEQGEMCE CHABACTRRi STTCS ; 



wo mnmm 



(A} 'LENGTH c .1455 bass pairs 
{Bj TYPE; ftvaeis.ic &aio 
(C: S?RAM>£DPSSS; stogie 
(t>) TOPOliOGY; lim-SLi 
8 Wk) MOLECOLE TYPE: DNA {<5ar;o;-U <:A 

(;d) SEGUGNCE DESCRIPTION. SHQ IS NO: 13; 





GATCATAAK- GAACAAATSG TACTATGA.TG 


CAATATTTCG AATGGTATTT GGSAAATGAC 


60 


10 


G6GAATCATT GGAA"'AGG': T GAGGGAGGAC 




120 




GCTGTATGGA TCOCACCTGG ATGGAAGGGG 


ACTICCCA.SA ATGATGTAGG TTATGGAGCC 


180 


ts 


TATGATTTA? ATGAACTTGG AGAGTTTAAC 


CAGAAGGGGA CGGTTGGfAC AAAATATGGA 


240 


ACACGGAACO AGGTACAGGG TGCGGTG&CG 


TGfTTftAMA ATAACGGCAT TCAGSTATA? 


300' 




GGTGAvGTGG TCATGftAACA TAAAGGTGGA 


GGAGA^GGTA: GGG^AATTGT AAATGGGGTA 


360 


20 


GAAGTGAATC GGAGGAAGGG AAGC CAGGAA 


AGGTCAGGAG AGTATGCAA? AGAAGCGTGG 


mo 




zmafcrm. attttgctgg aag&ggamx 


A&CCATTCCa GCTTT&AGTG GCGCfGGTAI 


4:80 


26 


GGA.GAGATTG GGATOAGTCA 


CGCQAGGTTC AAMCAMAT ATAT A A A T T G 


s*s 




A<3GGGMCAG GCAAGGCGTG &&®$S&i& 


3tc0a?acag: aga&tgggaa cmrm®?&? 


600 




CTTATGTATG CAGAG^GGS t^GGMCAC 


CCAGAAGTAft ThCm$m£Z IAGAAAGTGG 


000 


SO 


GOAGTGSGO? AmCGAATAC ACTGMGCTlr 


G&TGGMT m mAT&GmQC AG^GAAACAT 


720 




ATAAMTATA GCT ?f AGGAG AGATTSGCTT 


Mmtmmm g^aacaccag aggtagvacca 


780 




ATGTTTGGSG TGGCTGAG?T imQ&M&M 


G&CGfTSGXG CAATtGAAAA CTATTTGAAT 


040 


AAA^AAGTT GSAAXC&G^C GSfGfTTSA? 


GTTCCTCTGC AG TATA AT T T GTACAATGGA 


900 




TCTAATAGCG GT G A' T T AT T A TGM'ATG&GA. 


MTAITEm ATGGTTCTGT GG1GCAAAAA 


900 


40 


CATCCAACAC ATGGOGTTAG TTTTGfTGAT 


AACCATGATT CtCAGCCCGG GGAAGCATTG 


1020 




GAATCCTTTG TTGAACAATG GTfTAAACCA 


Cf.TG^TATG CMTGGTTCf GAGAAGGGAA 


1080 


45 


CAAGGTTATC GTTCCGTATT TTATGGGGAT: 


TACTAGGGTA TCGCAACGGA TGGTGTTCCG 


1140 




GCTATGAAAT C1AAAATAOA CGGTCTTGTG 


CSSGCACG'Jp MACJ-TTTGC CTATGGTACG 


1200 




CAGGATGATT AC YATGAVCA TCATG&TATT 


ATGGGTTGGA CAAGAG&GGG aaaiaggtcc 


12 60 


60 


CATGCAAAT? CAGGCCTTGC CAAGATTATG 


TGAGATGGTe CAGGTGGTAA GAAATGGATG 


1320 




TATGTGGGGA AAAATAAAGG GGGACAAGT? 


TGGAGSGATA T7ACCGGAAA TAGGACAGGC 


1380 




AGCGTCAGAA TTAATGCAGA CGGAXGGGG? 


AATTtfCTGTG TTAATGGAGG GTCCGTTTGG 


1440 



wo §9/1 w? 



24 



GTTTGGGTGA AGGAA 



GL IKFOPMATIGK >\ SSQ ID HO: 14: 
it) SLOGSNCK OLARACTDTaSTIGGc 
S (A! LENGTH: .1455 has® pairs 

<B) TYPE; nucleic aaici 
CO) 0TR&S5DSDS"ESS : ; singl© 
{Dj TOPOLOGY; lisiesr 
iiS) MOLKCULL ':' ? : DHL Iq&notSiiC) 
10 Ui; BkQVZ^CZ DESCRIPTION: SSQ. ID GO; lit 

OATCATALTG GGLGAAAf GO GAGGLTGATG CMTACTFrG A&TSGCfcCT? GCCTAATGAT 60 

GGGMfCAOT QSMTMR-Tt LAG AGAT GAT GCTAGTAAXC TSUUSAASTAS aGGTATAACC £20 

IS 

GCTATTIGGL TTCCGOOTGC CTGGA^GGS A^TTCGCAAA AIGATGIGGG GTATGG&GGp 130 

TATGATCTTT LTGATf TAGG GGAATTTAAT GAAMOGSGA OGGITOGTAC TLLG1LIGOG 240 

20 AOAGGTAGTC AATTGGAGTO TGCGATCOAT GC^Tf&ftAGft ATAtVTGGCS? TGAAGTITA? 300 

GSSGATGTLG TGLTGAAGOA TA&^GAGGft QCTGATGCTA ChQhhMtQQ'x TCTTGCTGfC 360 

GAGOTGAAtCC CMAmAGCG GMTC&AS&fc ATfiTCTGGGG AC^AGACMT :J6S£«6 420 

'25.' 

;$CTMGfTTG ATTTTOCLGG GASGSG<r&&7 AC&T&CTO&G; AC?"TTSA&T<s GCGTfGS^ 4 B0 

CATT^CGATG GTGTAGATTG GGA^CAAtCA CGACft&TTCC A&SATCGTAT G^ACAAATTC S40 

30 CGASOfGATG GTMGGGATS GGATTGGGAA GTAGATTCGG AAA^GGAM If ATGATTA^ oOC 

TTi^l'Gf ATG CAGATGTAGA. ?AT<3S&$C&T- GCSG&SGT&G T^TGAGCt TAGAAGLTGG 060 

GGRGAATGOT ATACAAATAC ATTMATCTT GATGGM'TTA GGMCGATGO GGTGALGCAX ?20 

35 

IAAATATL GCTTTACACG TGATTGGTTG: &CCG&TGTAA GLLACGCLAG OGG/LOGVIAL 100 

aogtttgctg ttgctgagtt ttggamaat gatttagstg ccttggagaa mm^mm uo 

40 SM&CAMCT GGAATCATTC tgtctttgat gtcccgcttc attataatot ttatalggcg soo 

TCALATAOTG GAGGCA&OTA TSACAfGGCA AAAvriCTTA ATGGLACGGT TGTTCLAAAG 980 

CATOCAATGC ATGCCGTAAC TTTTGTGGAT aatgacgatt GTCAACCTGG GGAATCATTA UtfO 

GAATCAtTTG TACALGLATG GTTTAAGGGA GTTGCTTATG GGCrtATl?? AACAAGAGAA 10S0 

CAAGGCTATC CCTCTGTCTT CTATGGTGAO TAGTATOGJsA. TTCCAAGAGA TAGTGTCCCA II 40 

50 GCAATGAAAG CCAAGAT TGA TCGAATCTTA OAGGCGCGTC AAAATTTTGC ATATGGAACA %2M. 

CAAGATGATT ATTTTGACCL T C ATA ATAT A ATCGGATGGA CACOTGAAGG AAATACCACG 1260 

CATCCCAATT CASGAGTTOC GACTATCATG TCGGAJGSGC CAGGGGGAOA GAAATGGATG 1 ~G>0 

m 



25 

TMSTJWGGC mkh7m®C AGGTCMST? y®^m$ $mm®m; im&CCMlGA 1 38 D 

-CaGTTACGa TCAG?GC?VGA TGGATGGOCT AATTTOTGaG TJ^ymSGAGG RTCTGTYrCC 1440 

§ ATTTGGGTGA AaGGA 14$$ 



(2; ^gggggggo', S£Q ro N0 . 15 . 

US SEQUEMDP CRARIGGTSHXSTXCG} 
10 m LENGTH i 13 basa pairs 

;b> TYS-E; nucleic acid 
iC) GT^AGDEG^ESS; single 
m TOPOLOGY : linear 
{til mtikmm GYPE: other rtodleic acid 
15 ik) DKSCRlVTlOBt /<s«sc * "Bri^r SSS1' 

(*i> SEQUENCE DESCRIPTION SEQ ID MOt 15; 

exmmvmk gyactttgrg tgg 

13 



(23 INFORMATION FOR 8GQ ID NO; 16; 

(A) LENGTH; 12 bass pairs 
,'8i TYPE; nucleic acid 
i'G) STMNDSDNSSS; single 
'&.Y TOPOLOSYi linear 
:(ii5 HOGSGOLS TYPE; dth&r rsucXeie acid 

{A3 -flBgCfcimoSi /<i«5»«- « "Rrim&r 8SG3" 
•Cxi) SMKHKB D^CJUFTrOKj- S-EQ ID MO: L€: 



5 TC£ C CRT AA MSACGCACG GG 
12 



(2) INFORMATION FOR GEO ID NO: 17; 
35 m CHARACTERISTICS: 

!A; LERGTH; 70 base pairs 
(81 TYPE j nucleic acid 
(Cj wmimmz&Si single 

Wi TOPOLOGY; ; ir.oar 
40 ; (ii) HOI.EGULE TYPE; other nucleic acid 

ih.) DESCRIPTION: /desc • "Primer 
iai) SEQUENCE DESCRIPflO^; SE§ ID !©; 

GTCRTAGTTT CCGMTTCCC TGTCTAGfGG CO&RTCCCAA TCGCMGCTT 
45 TGCCGCGGAA TyTOIGGAVGV 
70 



(S) ISEORMATIOKS FOR SEQ ID !G0: 18; 



26 



ii) SEQUENCE CHARACTERISTICS: 
(A; DSNGTH ; >U basse pairs 
(8) TYRE; nucleic acid 
<C3 STRANOEDEESS: siv.qj.-i 
S (DJ TOPOLOGY; linear 

(ii; MOLECaLS TYPK: other nucleic acid 

(.&} DESCRIPTION; /dssp - "Primer BSOK2" 
!M) SEQUENCE DESCRIPTION: SEQ 10 NO; 18; 

10 CTACTTCCCA ATCCGAAGCt TTGCOGCGGA ATTTGTAAAT G 



INFORMATION FOP GEO ID NO; 19: 
Hi SEQ'Jmm CHARACTERISTICS; 
IS ih) hmmM; 26 b&s* pairs. 

(B) TYPE : nucleic acid 
!C! STRARDSSNS8S ; single 
(D) TOPOLOGY: linear 
? 11 J MOLECULE TYPiS ; other riuclaic : <*ci& 
•20 (A! DESCRIPTION: /d««c « ^sister 

{xij SEQUENCE DESCRIS'TIOE?; St& "ED SO; i&.j 

G'OATSATCCA. TOTCAAAGTCG GCAT^C 

35 

(2.) tmmmxzm foe aso. w m-. 20 : 

U> S800KNCS C HAAACTB ST S TT CS ; 
!A) LENGTH; .M- : b*0* pairs 
!S) TYPE; uisqi^ic acid 
3D (C) STRANEVEDNESS; single 

m fOPOLOGI: linear 
{ii} KOLECULE TYPE: other jjaqlale acid 

ih\ DESCRIPTION: /dcsc « "Fri.aei BSGM-3 " 
ixi) SEQtJSNCE DBSCR.T ETION ; SSQ ID SO; 28; 

35 

CTCGGTCACC ACGTGGGGAT GATCC 
25 

{2} INFORMATION FOR SSO W NO; 21 i 
40 (i) SEQUENCE CHARACTSRTSTXCS f 

m DENGTH; 24 base peirs 
(8) TYPE- j nucleic acid 
t.C| 8 'i'RAN DE DRSSS i sin<j L«s 
(Dj TOPOLOGY; linear 
4S {ii} MOLECULE TYPE; other tiucl sic acid 

{AS DESORIPTIOH; /<fesc ''Priaisr ESGMS* 
ixi) SEQDKRCS DESCRIPTION i. SEQ ID NO: 21: 



wo mmw? pcrmxMwmi 



f'C&GTTTTTC AGGGGGGTC* CGAC 



IPCS: Cim 9/28, CI 10 3/386 



t»-boifc BSStorsa; eiassifkstaeB sk<S 3PC 



B. FJ.Bt.-DS SEARCHED 

Mssfesak itoc«Hse»8»sJ*SB .searched ;e5sssU1<aik»t syssssn fofttwrf clmiiic&ioti symKok) 
IPCS: CUD 




Ds£i::ESit;isi!r>fi stitrCfeftiS Other tto'sJi .miosftjurr: tiocyAttSitt&tifjfi io thr PSW ISsli ««vh etosoTSSOis «?e o^Eiiled so. S;>: h<isk sesishtxi 

S£»D£ s R,.N0 classes as above 



Sterorsie -<Sai& fexse svmxsilvi durisg ifee imerjixUanx! s«ss {s&n* of date- bsse &ad, wh«f« prssikabk, sesrch «ns»-«se«} 



WL PAJ, 8IQSIS, CA 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category*! Citation of doeumeat, with .tadkato, wfcere appropriate. »f she rdsva^s. pss-sagcs 



R*?evat!l to daRr* No. 



P^K WQ 9741213 Al (NOVO N0R01SK A/S)» 6 Nsvembar Iffit 
{08.11,37}, page IS, Hne 23 ~ page 17, Tine 4 



3623873 A3 (NOVO NOROISK A/§)» 8 August 1996 
(08,08,96), page 21 - page 38; page 7$ ~ page 77 



3510803 Al (NOVO NORDISK A/S)> 20 Apr!) 1995 
C2S.O4.0S), page 18, line 1 - page 20, 1i«e 14 



9535382 A2 {GJ.ST-8RGCA0E5 B.V.), 
28 December 199S (28.12,95), page 3, 
line 20 ~ lisie 26 s claims 



1-33 



1-33 



.3» ■«&3 



-33 



Further doawoiffits are- Esied iri the coufeRuatioti of 80s C. 
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